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ARTIFICIAL RESPIRATION 


GENERAL PRINCIPLES 


1. Seconds count! Begin at once! Don’t take time 
to move the victim unless you must. Don’t loosen 
clothes, apply stimulants or try to warm the victim. 
Start resuscitation! Get air in the lungs! You may 
save a life! 


2. Place the victim’s body in a prone position, so 
that any fluids will drain from the respiratory pas- 
sages. The head should be extended and turned 
sideward never flexed forward; the chin shouldn't 
sag, since obstruction of the respiratory passages 
may occur. 


3. Remove any froth or debris from the mouth with 
your fingers. Draw the victim’s tongue forward. 


4. Begin artificial respiration. Continue it rhyth- 
mically and without any interruption until natural 
breathing starts or the victim is pronounced dead. 
Try to keep the rhythm smooth. Split-second timing 
is not absolutely essential. 


5. When the victim starts breathing, or when addi- 
tional help is available loosen the clothing; remove 
it, if it’s wet; keep the victim warm. Shock should 
receive adequate attention. Don’t interrupt the 
rhythmical artificial technique for these measures. 
Do them only when you have help or when natural 
breathing has started. 


6. When the victim is breathing, adjust your timing 
to assist him. Don’t fight his efforts to breathe. Syn- 
chronize your efforts with his. After resuscitation, 
keep him lying down until seen by a physician or 
until recovery seems certain. 


7. Don’t wait for mechanical resuscitation! If an 
approved model is available, use it, but, since me- 
chanical resuscitators are only slightly more effec- 
tive than properly performed “push-pull” manual 
technique, never delay manual resuscitation for it. 


BACK-PRESSURE ARM LIFT METHOD 


1. Position of Victim. Place the victim in the prone 
(face-down) position. Bend his elbows; place one 
hand upon the other. Turn his face to one side, plac- 
ing his cheek upon his hands. 


2. Position of Operator. Kneel on your left or right 
knee, at the victim’s head, facing him. Your knee 


should be at the side of the victim's head close to his 
forearm, your foot should be near his elbow. Kneel 
on both knees if you find it more comfortable, with 
one knee on each side of the head. Place your hands 
on the flat of the victim’s back so that their heels 
are just below the lower tip of his shoulder blades. 
With the tip of your thumbs touching spread your 
fingers downward and outward. (See A) 


3. Compression Phase. Rock forward until your 
arms are approximately vertical and allow the 
weight of the upper part of your body to exert a 
slow, steady, even, downward pressure upon your 
hands. This forces air out of the lungs. Keep your 
elbows straight and press almost directly downward 
on the back. (See B) 


4. Expansion Phase. Release the pressure, avoid any 
finish thrust, and commence to rock backward slow- 
ly. Place your arms upon the victim’s arms just 
above the elbows, and draw his arms upward and 
toward you. Apply just enough lift to feel resistance 
and tension at the victim’s shoulders. 


Don’t bend your elbows. As you rock backward, the 
victim’s arms will be drawn toward you. (The arm 
lift expands the chest by pulling on the chest mus- 
cles, arching the back and relieving the weight on 
the chest.) Drop the arms gently to the ground or 
floor. This completes the cycle. (See C and D). Now. 
repeat the cycle. 


5. Cycle Timing and Rhythm. Repeat the cycle 10 
to 12 times per minute. Use a steady uniform rate 
of Press, Release, Lift, Release. Longer counts of 
about equal length should be given to the “Press” 
and “Lift” steps of the compression and expansion 
phases. Make the “Release” periods of minimum 
duration. 


6. Changing Position or Operator. 

(a) Remember that you can use either or both 
knees or can shift knees during the procedure, pro- 
vided you don’t break the rhythm. Observe how you 
rock forward with the back-pressure and backward 
with the arm-lift. The rocking motion helps to sus- 
tain the rhythm and adds to the ease of operation. 


(b) If you tire and another person is available, 
you can “take turns.” Be careful not to break the 
rhythm in changing. Move to one side and let your 
replacement come in from the other side. Your re- 
placement begins the “Press-Release” after one of 
the “Lift-Release’’ phases, as you move away. 
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Figure 1. Azimuth-Elevation-Range Recorder RD-54/TP or RO--3/MPQ with associated radar set. 


CHAPTER 1 
INTRODUCTION 





Section I. GENERAL 


1. Scope 

a. This manual provides information on the 
installation, theory of operation, operation, main- 
tenance, and repair of Azimuth-Elevation-Range 
Recorder RD-54/TP and Azimuth-Elevation- 
Range Recorder RO-3/MPQ (figs. 1 and 2). 

b. The material contained in this technical 
manual is for Azimuth-Elevation-Range Recorder 
RD-54/TP and Azimuth-Elevation-Range Re- 
corder RO-3/MPQ only and does not include any 
instructions concerning the radar set used in 
conjunction with the equipment. 

c. Official nomenclature followed by (*) is used 
to indicate all models of the item of equipment 
included in this manual. Thus Radio Set SCR- 
584—(*) represents Radio Sets SCR-584-A and 
-B, and Radar Set AN/MPQ-10 (*) represents 
Radar Sets AN/MPQ-10 and —10A. 


2. Forms and Records 
The following forms will be used for reporting 
unsatisfactory conditions of Army materiel and 


equipment and in performing preventive main- 
tenance: 

a. DD Form 6, Report of Damaged or Improper 
Shipment, will be filled out and forwarded as pre- 
scribed in SR 745-45-5 (Army), Navy Shipping 
Guide, Article 1850-4, and AFR 71-4 (Air Force). 

b. DA Form 468, Unsatisfactory Equipment 
Report, will be filled out and forwarded to the 
Office of the Chief Signal Officer as prescribed in 
SR 700-45—4. 

c. DA Form 11-238, Operator First Echelon 
Maintenance Check List for Signal Corps Equip- 
ment (Radio Communication, Direction Finding, 
Carrier, Radar), will be prepared in accordance 
with instructions on the back of the form (fig. 21). 

d. DA Form 11-239, Second and Third Echelon 
Maintenance Check List for Signal Corps Equip- 
ment (Radio Communication, Direction Finding, 
Carrier, Radar), will be prepared in accordance 
with instructions on the back of the form (fig. 22). 

ec. Use other forms and records as authorized. 


Section II. DESCRIPTION AND DATA 


3. Purpose and Use 

a. Azimuth-Elevation-Range Recorders RD- 
54/TP and RO-3/MPQ (figs. 1 and 2) are electro- 
mechanical devices which will record simultane- 
ously on paper the azimuth, height, and rango 
data transmitted from the radar set used in con- 
junction with the recorders. 

6. Azimuth-Elevation-Range Recorder RD-54/ 
TP may be used with the following radar sets 
after they have been modified for mortar tracking: 

(1) Radio Sets SCR-584-A and SCR--584-B. 

(2) Radio Set SCR-784. 

(3) Radar Sets AN/MPQ-10 and AN/MPQ- 
10A. 


c. Azimuth-Elevation-Range Recorder RO-3/ 
MPQ is used with Radar Set AN/MPQ-22. 


4, System Application 


a. Azimuth-Elevation-Range Recorder RD-54/ 
TP or RO-3/MPQ is used with a properly modified 
radar set to comprise a system that accurately 
plots the location of enemy mortars. The radar 
set is aimed at a general area from which enemy 
mortar fire is expected. When the enemy mortar 
is fired, the radar operator will piek up the shell 
in flight. By the time the shell is picked up by 
the radar set, it probably has traveled at least 
one-third of its flight. As the subsequent trajec- 
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Figure 2. Azimuth-Elevation-Range Recorder RD-54/TP or RO-3/MPQ. 


tory of the shell is being tracked, the signal data 
supplied by the snychro generators in the radar 
set is fed directly to Azimuth-Elevation-Range 
Recorder RD-54/TP or RO-3/MPQ for plotting 
the azimuth, height, and range of the shell’s tra- 
jectory. The range and azimuth of the trajectory 
origin (mortar battery), is extrapolated from these 
recordings by means of a parabolic template 
called a trajectory curve and a tricalibrated scale 
called a plotting aid. 


b. Figure 1 illustrates the use of the equipment 
when solving a typical chemy mortar location 
problem. 

c. Azimuth-Elevation-Range Recorder RD-54/ 
TP or RO-3/MPQ also is used to zero in friendly 
mortar fire on predetermined enemy mortar loca- 
tions. 


5. Technical Characteristics 


Power supply -- 22.22 .-- ... 115-volt, 60-cyele, — three- 
phase, delta-connected 


power source. 


Accuracy (relative to input 
data): 
Azimuth-Elevation- 
Range Recorder RD- 
64/EP. 


Azimuth-Elevation- 
Range Recorder RO- 
3/MPQ. 


Recording System -__-- 


Slewing rate: 
Avimubhic ccs. See 
Manges cos 22S 
Height oho 32 losis 
Tracking rate: 
POAUVAGHA = once neo e 


Rangesis si. iat es 


Height: 2ois- 


Maximum errors of 3 mils in 
azimuth, 15 yards in 
range, and feet in 
height. 

Maximum errors of 3 mils 
in azimuth, 22.5 yards in 
range, and 30 feet in 
height. 

Three servo-driven styluses 
record azimuth, range, and 
height data on a moving 
strip of paper; one fixed 
pen records the reference 
line. 


30 


1,000 mils per second. 
5,000 yards per second. 
7,500 feet per second. 


400 mils per second maxi- 
mum. 

3,000 yards per second maxi- 
mum. 

2000 feet per second maxi- 
mum 


Tracking rate—Continued 
Paper speed __-.------ 3% inch per second, or 22.5 


inches per minute. 
Paper capacity: 


engi ewe 150 feet. 
A Uy (i eae Nene ines 295% inches. 
Weight.2 2s ot oee usu 430 pounds. 


6. Packaging Data 


a. When packaged for export shipment, the 
components of Azimuth-Elevation-Range Re- 
corder RD-54/TP or RO-3/MPQ are placed in 
moisture-vaporproof containers and are packed 
in three wooden export crates. The size, weight, 
and volume of each crate are indicated in the 
chart. 


\ 


On 

















Number of Height Width | Depth Volume unit weight 
crates (in,) (in.) (in.) (eu ft) | b) 
Py BAER ea tee: oh Mine ieee fess sess Sor aa sel pcos een apeeee Sore 
1 56 53 | 42 72:2 985 
1 2614 27% | 2734 11.8 225 
1 19 36 | 17 6. 73 | 150 
Total weight 
(Ib) 


1, 360 





Note. Items may be packaged in a manner different 
from that shown, depending on the supply channel. 

b. The following list indicates the contents of 
each case. See the packing list attached to each 


case for exact contents. 





Case dimensions (in.) Contents 





DUR Oo Awa. at ae 
54/TP or RO-3/MPQ. 


1 Data cable. 
1 Reel. 
2 Technical manuals. 


2634 x 2734-276... ---- . 


LO SCRb Roly esl eae 


7 Paper rolls. 





1 Plotting aid. 


Note. Trajectory curves (7,500-foot) are not supplied with Azimuth-Elevation-Range Recorder 


1 Set of vacuum tube spares. 


1 Azimuth-Flevation-Range Recorder RD- 


U Seal By eS, 0 (een ct gon | CeO we CRIN tana eee 
2 Trajectory curves (7,500-foot) 
| 2 Trajectory curves (30,000-foot) _..------- 
POP IOUCI IGE Is Sorters ss eee a ence ae \ 


2 Trajectory curves (7,50C-foot). 
2 Trajectory curves (30,000-foot). 


Notes 





All tubes, lamps, and internal components 
are installed. 

| Packed inside equipment. 

| Packed inside cover of equipment. 

Packed inside cover of equipment. 

Packed inside cover of equipment, 








RO-3/MPQ 


Section III. DESCRIPTION OF COMPONENTS 


7. Table of Components 
































Component rei aa Height (in.)) Depth (in.) | Length (in.) pera peksy s t 
A A EO esc asi ae ey oo EAD eS ean tees Se cea 
Azimuth-Elevation-Range Recorder RD-54/TP or 1 43 30 | 4216 31.3 430 
RO-3/MPQ. | 

Waite: Gatsby eure eS ain hr eee ibe tia eee pease 8 Ss 51 | ve meee ei Desguct sc glare 
PRpeR rolls. coe eer an eh teen a ote oe Val Pees ee | Gin. dia | 30% 49 15 
PiGtine iiss eta oe ere SS Pa sn (ee 2} 8 | Ke | 7 eee fc rete Spa St a 
Trajectory curve (30,000-foot) _--..2-_.--.---2..-- 4 OF, 346 SOiSSRo i aes eee Ge 
Trajectory curve: (7;500-foot)is22 25.5 2 So aes 4 27 | yet jc pes 8.8 2 et Selita up a Piege fier 
bi WCE) eat] ey ROARS Pye) hope RRR MRE eM Sem area as ES | es (eae Ri | lin. dia | OG? oe eae PoUes 
RCo La a PG ata) aS he et ee eee | 1S ae nin Herne ancien oO A alee aia aaiey boty 2 
ACTINIC RTA se one Os tlneee ae Whe Seca eee ve eae DRcean scars eGEe Pay oe ais as eho ies eR te] (see he 

f Lita 8 RSs Metre Rt ge nat NN yale «ec. sbaaehinee eral RET anp NpeA Nubet Sb NERM eae A eS NG NE ate ME thee ee ee eR 31. 79 | 445 











Note. The table above is for general information only. See appropriate supply publications for information pertaining 


to requisition of spare parts. 
RO-3/MPQ. 


Trajectory curves (7,500-foot) are not supplied with Azimuth-Elevation-Range Recorder 
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Figure 3. Azimuth-Elevation-Range Recorder RD-54/TP or RO-3/MPQ, exploded view of main assemblies. 


8. Description of Azimuth-Elevation-Range Re- 
corder RD-54/TP and RO-3/MPQ 


The major assemblies (fig. 3) of Azimuth- 
Elevation-Range Recorder RD-54/TP and RO- 
3/MPQ are the recorder assembly, the console 
assembly, and the three Electronic Control 
Amplifiers AM-489/TP (servo amplifiers). All of 
the servo amplifiers are identical and, therefore, 
interchangeable within the three channels used. 

a. Electronic Control Amplifier AM-489/TP 
(Servo Amplifier). 

(1) Each channel (azimuth, height, and 
range) of Azimuth-Elevation-Range Re- 
corder RD-54/TP or RO-3/MPQ con- 
tains a servo amplifier, designated Elec- 
tronic Control Amplifier AM-489/TP 
(fig. 4). The function of the servo 
amplifier is to amplify the error voltage 
generated in the synchro control trans- 
former of its channel. The amplified 
error voltage then is used to control the 
associated servo motor which positions 
the stylus carriage. 


I i102 
COARSE 


R109 
GAIN 


IT 101 
LINE 
VOLTAGE 


i Sid! 
SYNCHRO DATA 
SINGLE ~ DUAL 


SPARE 
FUSE 





(2) The locations of the chassis-mounted com- 


ponents are shown in figure 41, and an 
under-chassis view is shown in figure 42. 
The servo amplifiers can be removed 
easily from the console assembly to 
facilitate repair. 


(3) A coarse-fine switching circuit is incor- 


porated as an integral part of Elec- 
tronic Control Amplifier AM-489/TP 
(servo amplifier). The purpose, appli- 
cation, and theory of this circuit is 
described in chapter 4. 


b. Recorder Assembly. 
(1) The recorder assembly (fig. 3) is the 


main functional or operating part of Azi- 
muth-Elevation-Range Recorders RD-. 
54/TP and RO-3/MPQ. Through its 
three servo loops, electrical signal data is 
transformed into mechanical shaft move- 
ment. By means of a system of pulleys 
and wire rope, this shaft movement 
drives three stylus carriage assemblies 
(fig. 5) over the plotting paper. 


I 103 
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rRi22 
CG F SWITCHING 


: RIO! 
DAMPING 


$102 
i1Sv AC 
ON-OFF 
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TM5534~- 6 


Figure 4. Hlectrieat Control Amplifier AM-489; TP (servo amplifier), location of panel controls. 
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Figure 5. Stylus carriage assembly, front oblique view. 


(2) Each channel of the recorder assembly 
contains a servo unit, hereafter called a 
servo gearbox assembly. Mounted di- 
rectly upon each servo gearbox assembly 
are the associated control transformers 
and motor generator. These components 
are described in detail in chapter 4. 

(3) A paper drive motor, a paper drive 
gearbox, and a system of rollers feed the 
plotting paper (at a speed of %-inch per 
second) beneath the three marking 
styluses; this provides a permanent 
record of projectile trajectory. 

(4) In addition to the three movable styluses, 
there is a fourth fixed stylus, which 
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iuscribes a zero reference line on, the 
plotting paper. 

c. Console Assembly. The console assembly 
(fig. 3) forms the main housing and protective 
member of the equipment. It is specially de- 
signed to s:commodate the servo amplifiers and 
the recordei assembly mechanism. Shock mounts 
at the bott.m of the console serve to dampen vi- 
brations ca: sed by rough handling. Lifting and 
carrying haidles facilitate movement of the equip- 
ment from one location to another. Various 
access panels provide means of operating and 
servicing ti ¢ equipment while maintaining the 
maximum amount of protection possible under 
field conditions. 


d. Fuse Chart. 

















Fuse Location 

F101 | Servo amplifier panel (fig. 4)_.-..----------- 
F201 | Control panel (fig. 18)--.------------------- 
F301 | Power distribution panel (fig. 16)_..----.---- 
F302 | Power distribution panel (fig. 16)-------.---- 
F303 | Power distribution panel (fig. 16)... ---------- 
F304 | Power distribution panel (fig. 16)_-------- -- 
F305 | Power distribution panel (fig. 16)_.----------- 








e. Differences in Equipment. The differences 
between Azimuth-Elevation-Range Recorder RD- 

















Radio Set SCR-784. 


Full travel of height stylus- - -_- 
Control panelil icc uoso. sos 


Height fine control transformer 
B605 and height coarse control 
transformer B604. 

Trajectory curves. 2 .--.2..--. 

curves. 


Plotting aid 


the height scale. 

















Rating Function 

Ramipiosavs Prevents overload of input circuit by the 
power supply of the servo amplifier. 

1% amp-_---- Protects input circuit to PANEL LIGHTS. 

10 amp-_---- Protects 115V AC SUPPLY circuit. 

1O:ampeys: Protects 115V AC SUPPLY circuit. 

10 amp..__- Protects 115V AC SUPPLY circuit. 

Samp sss Protects the input circuit to the PAPER 
DRIVE MOTOR. 

10 amp... .- Protects 115 V AC SUPPLY circuit. 





Azimuth-Elevation-Range Recorder RD-54/TP 


Radio Sets SCR-58:—A and —-B__------- 


Radar Sets AN/MPQ-10 and -10A. 
Represents 7,500 feet cr 30,000 feet_--. -- 
SEB W ewiten 8202. oo. on0S 2 ous 
HEIGHT FEET switch $203__..-_------ 
Height fine control transformer B605 is 
nearer the servo dri.e motor than height 
coarse control transformer B604. 
7,500-foot and 30,000-foot trajectory 


Range scale calibrated to 20,000 yards. _- 
7,500-foot and 30,000-foot calibrations on 








54/TP and Azimuth-Elevation-Range Recorder 
RO-3/MPQ are listed below. 











Azimuth-Elevation-Range Recorder RO-3/MPQ 











Radar Set AN/MPQ-22. 


Represents 30,000 feet. 

None. 

None. 

Height coarse control transformer B604 is 
nearer the servo drive motor than height 
fine control transformer B605. 

30,000-foot trajectory curve. 


Range scale calibrated to 30,000 yards. 
30,000-foot calibration on the height scale. 








f. Nomenclature Assignments. A list of the 
nomenclature assignments for equipment and 
components is given below. A common name 
is indicated after each item. 








Nomenclature 


Common Name 


it. 











Electronic Control AM- 


489/TP 


Amplifier Servo amplifier 


Azimuth-Elevation-Range Recorder | Recorder 
RD-54/TP and Azimuth-Elevation- 
Range Recorder RO-3/MPQ 

Radio Set SCR-584—(*) Radar set 


Radio Set SCR-784 
Radar Set AN/MPQ-10(*) 
Radar Set AN/MPQ-22 








9. Cables 


The data cable (fig. 6) supplied with Azimuth- 
Elevation-Range Recorders RD-54/TP and KO- 
3/MPQ is used to transmit all power, control, and 
signal data from the associated radar set to the 
equipment. A test cable (fig. 7) is supplied to 
connect any of the servo amplifiers to the equip- 
ment when the servo amplifier is removed for 
repair. This cable serves no other function. 


10. Trajectory Curves and Plotting Aid 
(figs. 8 and 9) 

a. Two parabolic templates (trajectory curves) 
and a tricalibrated scale (plotting aid) are sup- 
plied with Azimuth-Elevation-Range Recorder 
RD-54/TP. One template corresponds to the 
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Figure 6. Data cable. 





Figure 7. Test cable. 





™5534-8 


1M 5534-9 


7,500-foot height scale and the other to the 30,000- 
foot height scale. Although the recorder does 
not trace an actual shell trajectory on a moving 
strip of paper, the trajectory can be interpolated 
from the height, range, and azimuth traces. 
Interpolation of the parabolic height trace requires 
the use of the trajectory curve corresponding to 
the preselected height scale. Range (in yards) 
and azimuth (in mils) can be determined, with 
the plotting aid, from the range and azimuth 
traces on the moving strip of paper. 

b. The 7,500-foot trajectory curve is not sup- 


30,000-FOOT TRAJECTORY CURVE 





plied with Azimuth-Elevation-Range Recorder 
RO-3/MPQ. The plotting aid supplied with this 
recorder has a range scale calibrated to 30,000 
yards, and has no 7,500-foot calibration on the 
height scale. 


11. Additional Equipment Required 


The additional equipment needed for the opera- 
tion of Azimuth-Elevation-Range Recorder RD- 
54/TP or RO-3/MPQ is a radar set to supply 
data and power. The radar sets that can be used 
are given in paragraph 36 and c. 








7,500~FOOT TRAJECTORY : CURVE 


TMS534~10 


Figure 8. Trajectory curves. 
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Figure 9. Plotting aid. 
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CHAPTER 2 


OPERATING INSTRUCTIONS 


i 


Section I. SERVICE UPON RECEIPT OF EQUIPMENT 


12. Uncrating, Unpacking, and Checking New 
Equipment 

Note. For used or reconditioned equipment, refer to 
paragraph 16. 

a. General. Azimuth-Elevation-Range Record- 
ers RD-54/TP and RO-3/MPQ may be shipped 
in oversea packing cases or in domestic packing 
cases. When new equipment is received, select a 
location, if the tactical situation permits, where 
the equipment may be unpacked without exposure 
to the elements and which is convenient to the 
permanent or semipermanent location of the 
equipment. The instructions given in b below 
apply to equipment shipped in export packing 
cases, and the instructions in f below apply to 
equipment in domestic packing cases. 

Caution: Be careful when uncrating, unpack- 
ing, and handling Azimuth-Elevation-Range Re- 
corders RD-54/TP and RO-3/MPQ. The equip- 
ment can be damaged easily during this operation. 
If it becomes damaged, a complete overhaul might 
be required or the equipment might be rendered 
temporarily useless. 

b. Step-by-step Instructions for Uncrating and 
Unpacking Export Shipments (fig. 10). The com- 
ponents of Azimuth-Elevation-Range Recorder 
RD-54/TP or RO-3/MPQ are contained in three 
packing crates. The uncrating of each is described 
below. 

Caution: Do not site the recorder in any loca- 
tion that would hinder proper inspection after 
removal from the case. 

(1) Unpacking crate No. 1. 
(a) Place the packing case as near the 
operating position as is convenient. 
(b) Remove all staples. 
(c) Cut and fold back the steel straps. 
(d) Remove the nails with a nailpuller. 
Remove the top and all sides of the 


packing case. Do not attempt to pry 
off the sides and top; the equipment 
may become damaged. 

Caution: Do not tip or lean the 
crate against any structure, tree, or 
vehicle as an aid in removing the sides 
ofthecase. The weight of the contents 
of the crate is such that it prohibits 
this practice. Severe damage may 
result and necessitate a complete over- 
haul of the contents if the crate tips 
and falls over. 

(ec) Remove the waterproof barrier used as 
the case liner. 

(f) Remove the corrugated paper cushion- 
ing pad. 

(g) Remove the moisture-vaporproof bar- 
rier. 

(h) Cut and fold back the steel straps that 
hold the crepe cellulose blanket. 

(i) Remove the equipment by lifting it 
straight up. Use a hoist, if one is 
available. (The equipment is set in 4 
well that prohibits any other method 
of removal.) 

(j) Check the contents of the case against 
the master packing slip. 


(2) Unpacking crate No. 2. 


(a) Place crate No. 2, containing the data 
cable, at a location convenient for 
unpacking. 

(b) Follow the procedures outlined in 
(1)(b) through (d) above. 

(c) Rip or peel off the tape covering the 
seams of the corrugated box and cut 
and bend back the strapping wrapped 
around the box. 

(d) Remove the case liner. 
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Figure 10. Packing and packaging of Azimuth-Elevation-Range Recorder RD-54/TP or RO-3/MPQ 
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(e) Remove the protective coverings that 
are on the data input connector plugs. 
Caution: Do not use a knife or any 
sharp instrument when removing the 
protective coating from the plugs. 
This may cause severe damage to the 
plugs. 
(f) Check the contents of the packing case 
against the master packing slip. 
(3) Unpacking crate No. 3. 


(a) Follow the procedure outlined in (1) (6) . 


through (d) above. 

(6) Remove the individually wrapped cor- 
rugated cartons containing the vacuum 
tubes, plotting aids, and trajectory 
curves. 

Caution: Be very careful when 
handling the vacuum tubes, the plot- 
ting aid, and trajectory curves, since 
they are broken easily. The curves 
and the plotting aid chip and scratch 
easily. Never put any object on top 
of the packaged curves. Always lay 
the curves on a flat surface. 

(c) Remove the paper rolls, 

Caution: Be careful when handling 
the paper rolls. The core of the paper 
rolls can be damaged easily if the roll 
is mishandled; thus the paper would be 
rendered unusable. 

(d) Check the contents of the packing case 
against the master packing slip. 

c. Opening Cardboard Carton and Waterproof 
Barrier. No special instructions are needed for 
opening the waterproof paper barriers. Be very 
careful when removing the equipment or com- 
ponents from the cardboard cartons. 

d. Instructions for Opening Metal Containers. 
Metal containers may be used instead of cardboard 
cartons. The top of the metal container is 
soldered to the sides. To open, break the soldered 
seam by prying the side of the container away 
from the soldered seam as follows: 

(1) Wipe off the excess solder with a heavy- 
duty soldering iron. Never use a torch, 
because the contents of the container are 
inflammable. 

(2) With a wooden block or a screwdriver, pry 
the sides from the soldered seam. 

(3) When the seam is completely open, pry 
off the cover. 

(4) Remove the bags of desiccant. 


302513 O--54——2 


e. Checking. Check the contents of all packing 
cases against the master packing slip. 

f. Unpacking Domestic Packing Cases. Azi- 
muth-Elevation-Range Recorder RD~54/TP also 
may be received in domestic packing cases. The 
instructions given in 6 above apply also to un- 
packing domestic shipments. Cut all metal 
bands. Open the cartons that protect the com- 
ponents; or, if heavy wrapping paper has been 
used, remove it carefully and take out the com- 
ponents. Check the contents of the packing case 
against the master packing slip. 

Note. Save the original packing cases and containers. 


They can be used again when the equipment is repacked 
for storage or shipment. 


13. Installation of the Recorder 


a. The recorder has been designed to work in 
conjunction with a tracking radar set. Since the 
unit receives its power and signal data from the 
radar set, the actual location will depend (within 
the limits of the length of the interconnecting data 
cable assembly) on the location of the radar set. 

b. Locate the recorder in a position that is 
reasonably level, sheltered, and accessible to all 
sides for operating and maintenance personnel. 
Prepare a smooth, flat surface, close to the re- 
corder, for interpolation of the plotted data. 

c. Turn the fasteners located on the power and 
control panel cover assemblies, located on the 
upper front access panel assembly (fig. 11), 
one-fourth turn counterclockwise (ccw) and re- 
move the panels. 

d. Turn the fasteners along the sides of the 
lower front access panel assembly one-fourth turn 
cew and remove the panel. 

e. Loosen the four fasteners on the front panels 
of the servo amplifiers (fig. 3) and remove the 
amplifiers from their bays. 

f. Place each servo amplifier on a smooth 
surface and remove the corrugated shielding 
around each tube. Check all tubes to see that 
they are seated firmly in their proper sockets 
(fig. 41). 

g. Reinstall the servo amplifiers in their bays. 

h. Unfasten the top cover latches on all sides 
of the equipment and remove the recorder cover 
(fig. 12). 

Caution: Remove the recorder cover carefully. 
The size and weight of the assembly is such that 
damage may occur to the stylus frame assembly. 

Turn the fasteners on the upper rear access 
panel assembly (fig. 12) one-fourth turn cew and 
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Fiqure 11. Azimuth-Elevation-Range Recorder RD-&4/TP. or RO-3/MPQ, front oblique view, with access panels and 
top cover on, 


remove the panel. Remove the test cable that is 
secured at the rear of the recorder assembly." : 
Caution: Do not use a knife or sharp instru- 
ment to remove the cellulose wrapping taped-ito 
the supporting members of the recorder assembly ; 
the test cable may be damaged. 
j. Replace the test cable. 


18 


k. Remove all tapes from each pulley assembly 
of the pulley drive mechanism; work from the 
rear to the front. Remove any other protective 
coverings, such as corrugated paper and cellulose. 

1. Replace the upper rear access panel assembly. 

m. Leesen the three captive screws (fig. 13) 
located on the stylus cover frame and open the 
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Figure 12. Azimuth-Elevation-Range Recorder RD-54/TP. or RO-3/MPQ rear oblique view, with access panels and 
top cover on. 


cover so that the stylus carriage assemblies may be 
reached easily. 

Note. When packed, each stylus carriage assembly is 
positioned at the end of the guide rods. 

(1) Remove the tape that secures the cush- 
ioning at the end of each guide rod. 

(2) Remove the cullulose wadding that cush- 
ions the three stylus carriage assemblies 
at the end of the guide rods. 

Caution: Be careful when removing 
the protective coverings from the stylus 
carriage assemblies. Only authorized 
personnel should attempt to remove 
them. 


(3) Remove the stylus rod damper from its 
shipping position and place it in its 
stored position (fig. 50). 

(4) Close the stylus cover frame and tighten 
the captive screws. 


14. Installation of Paper Roll 


Follow the procedure outlined below when in 
stalling a roll of paper in the recorder assembly. 
Refer frequently to figures 14 and 15. 

a. Loosen the captive nuts that hold the front 
paper roll cover to the recorder housing and open 
the cover. Similarly, open the paper well cover. 
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Figure 18. Azimuth-Elevation-Range Recorder RD-54/TP or RO-3/MPQ, top view, with cover removed. 
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Figure 14. Installation of paper. 
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Figure 15. Paper well clutch assembly mechanism. 


b. Carefully raise the stylus frame assembly to 
expose the platen. 

c. Trip the paper well clutch stop and, at the 
same time, move the paper well clutch handle to 
the left. 

d. Lay the paper roll in the paper well housing 
with its coated side up (feeding from the top of the 
roll). 

Note. The coated side of the paper is treated so that the 
movement of the brass stylus of each stylus carriage 
assembly across the face of the paper produces a visible 
etched line. 

e. Use the paper roll lift to raise the roll into 
position directly between the two paper holders. 
Engage the paper holders with the core of the 
paper roll. Move the paper roll clutch handle back 
to its locked position. 

f. Unroll a sufficient length of paper to allow at 
least 1 foot to overlap the front end of the recorder 
assembly. 


g. Draw the paper over the rear paper roller, the 
recorder platen, and the front paper roller. 

Note. The overrunning clutch attached to the ‘ert sice 
of the front paper roller permits free rotation of the roller 
in a forward direction to enable the paper to be drawn 
through. 

h. Loosen the setscrews in the four pinwheels 
(two in front, two in rear). Position the pinwheels 
until the paper drive pins fit correctly into the 
drive holes of the paper. During this adjustment, 
hold the paper taut against the paper roll. Tighten 
the setscrews. 


Caution: Be extremely careful when engaging 
the paper with the roller pins. Keep the paper 
taut at all times to avoid bunching and wrinkling. 
Be sure that the pins on both sides of both rollers 
are engaged. 

i. Carefully close the stylus frame assembly. 

j. Close the paper well and front paper roll 
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covers. Secure these covers by tightening the 
captive screws. 


15. Cabling Connections 


a. There is only one cable assembly used to 
connect the recorder to the associated radar set 
used in the system. This cable, called the data 
cable assembly (fig. 6), carries all power and signal 
data to the recorder from the tracking radar set. 
Connect plug P701 at the end of the data cable to 
receptacle J504 on the console (fig. 12). Connect 
the other end of the cable to the associated radar 
set. 

b. The test cable (fig. 7) is used for test purposes 
only and should not be connected unless the servo 
amplifiers are removed from their bays for repair. 


16. Service upon Receipt of Used or Recondi- 
tioned Equipment 


a. Follow the instructions in paragraph 12 for 
uncrating, unpacking, and checking the equip- 
ment. 

b. Check the used or reconditioned equipment 
for tags or other indications pertaining to repair 


work that has been done or to possible changes in 
the wiring of the equipment. If any changes in 
wiring have been made, note the change in this 
manual in the applicable sections and on the 
schematic diagrams. 


c. Check all the operating controls. Refer to 


paragraph 17 for a listing of all the controls and 


their use. Check specifically to see that the 
styluses are not worn down, and move the stylus 
carriage assemblies back and forth manually so 
that they move freely without too much pressure 
being exerted. See that the cables running on 
the pulleys are not frayed. 

d. Check the cable tension. The tension can 
be controlled by the two tension adjustment nuts 
located on one spoke of each pulley. 

e. See that the transparent trajectory curves 
and the plotting aid are not scratched, chipped, 
or deformed in any manner. Excessive heat will 
deform these templates and may render them 
useless. 


f. Perform the installation and connection pro- 
cedures given in paragraphs 1% through 15. 


Section II. CONTROLS AND INSTRUMENTS 


17. Controls and Their Uses 


The following charts list the controls and func- 
tions of the recorder. The controls appear in 
various locations as indicated by the paragraph 
headings below. 


a. Power Distribution Panel (figs. 16 and 17). 





Function 


Control 





115V AC SUPPLY ON- 
OFF switch $301. 


In the ON position, con- 
nects the unit to the 
power source. 

In the ON position, starts 
the paper drive motor. 
Local control, in the ON 
position the paper starts 

to move. 

In the ON position, pro- 
vides 115 volts ac to the 
service outlet. 


PAPER DRIVE MOTOR 
ON-OFF switch $303. 
PAPER DRIVE LOCAL 
ON-OFF switch $302. 


115V AC SERVICE ON- 
OFF switch $304. 
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b. Control Panel (figs. 18, 19, 20 and 21). 





Control 


Function 











PANEL LIGHTS ON-OFF 
switch $204. 

DIMMER DIM-BRIGHT 
R201. 


In the ON position, illumi- 
nates the plotting surface. 

Controls the intensity of 
illumination of the plot- 
ting surface. 

When in the AUTOMATIC 
position, the operator at 
the associated radar set 
can turn the paper drive 
on or off. In the MAN- 
UAL position, operation is 
local. 

SLEW switch $202___.__--- When depressed, slews the 
height gearbox. 

Determines range of the 


PAPER DRIVE AUTO- 
MATIC-MANUAL 
switch $201. 


HEIGHT FEET switch 


$203 MPQ_ 10-30000- height stylus. 
7500-SCR 584—7500-— 
30000. 





Nole. There is neither a SLEW switch (S202) nor a 
HEIGHT FEET switch ($203) on Azimuth-Elevation- 
Range Recorder RO-3/MPQ. 





F301 10 AMP FUSE F302 IOAMP FUSE F303 10 AMP FUSE 
15V AC SUPPLY 115V AC SUPPLY 115V AC SUPPLY 
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Figure 16. Power distribution panel, loaction of controls. 
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Figure 17. Power distribution panel, rear view. 
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Figure 18. Control panel of Azimuth-Blevation-Range Recorder RD-54/ TP, location of controls. 
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Figure 19. Control panel of Azimuth-Elevation-Range Recorder RO-3/MPQ. 
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Figure 20. Control panel of Azimuth-Elevation-Range Recorder RD-54/TP, rear view. 
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Figure 21. Control panel (rear view) of Azimuth-Elevation-Range Recorder RO-3/MPQ. 


c. Servo Amplifier Panel (fig. 4). 





Control i Function 





115V AC ON-OFF switch In the ON position, connects 
$102. the servo amtplifier to the 
115-volt a-¢ power source. 

In the SINGLE position, dis- 
ables the coarse-fine 
switching circuit in the 
servo amplifier. When in 
the DUAL position, the 
coarse-fine switching cir- 
cuit is in operation. 

C F SWITCHING control | Varies operatiqnal point of 


SYNCHRO DATA SIN- 
GLE-DUAL switch $101. 





R122. the coarse-fine switching 
circuit. 
GAIN control R109__.__-- Potentiometer, controls the 


| gain in the servo amplifier. 
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Control ! 


DAMPING control R101__| Potentiometer, controls the 
| Operational point of the 
| loss compensation net- 


work. 


Note. Haphazard operation or improper setting of the 
controls can cause damage to this equipment. For this 
reason, it is important to know the function or every con- 





‘trol. The actual operation of the equipment is described 


in paragraphs 19 through 29. 


18. Instruments 

There are no instruments incorporated in Azi- 
muth-Elevation-Range Recorder RD-54/TP and 
RO-3/MPQ. 


Section III. OPERATION UNDER USUAL CONDITIONS 


19. Starting Procedure 


a. Preliminary. Set the controls as shown in 
(1) through (3) below. 
(1) Power distribution panel. 




















Control | Position 
LIDVIAC SUPPLY ceo aes | OFF 
PAPER DRIVE MOTOR._.| OFF 
PAPER DRIVE LOCAL... OFF 
115V AC SERVICE._------ | OFF 

(2) Control panel. 

Control | Position 
PANEL LIGHTSi2n5 5.2282 | OFF 
BDIMMB Riso ee ee ' Midposition 
PAPER, DRIVEL icc... 203) MANUAL 
HEIGHT FEE Ricco siesse ' Setting depends on asso- 


| ¢iated radar set and 
height scale used. 


Note. There is no HEIGHT FEET switch on Azimuth- 
Klevation-Range Recorder RO-3/MPQ. 


(3) Servo amplifier. 




















Control | Position 
PAV WOlLo Sea ee | OFF 
SYNCHRO DATAg io ee SINGLE 
GUATIN ao Sale pe ones | Extreme cow 
DANEPING Olt oo sues Midrange 





C F SWITCHING_.._......' Extreme cow 


| 





b. Starting. 

(1) Place the 115V AC SUPPLY ON-OFF 
power switch, located on the power dis- 
tribution panel, to the ON position. 

(2) Set the PANEL LIGHTS ON-OFF 
switch, on the control panel, to the ON 
position. 

(3) Rotate the DIMMER control, located 
directly below the PANEL LIGHTS 
switch, to the intensity level desired for 
the plotting surface lighting. 

(4) Turn each servo amplifier (azimuth, 
height, and range) 115V AC ON-OFF 
switch to the ON position. (If the indi- 
cator or illuminating lights do not go on, 
or if the tubes in the servo amplifier do 


not light, refer to the equipment  per- 
formance checklist, par. 46.) 


Note. The instructions below do not apply to 
Azimuth-Elevation-Range Recorder RO-3/MPQ. 


(5) Place the HEIGHT FEET switch in the 
position to be plotted. (This position 
is determined by the tactical: situation 
and by such factors as the height of the 
mortar trajectory, the relative location 
of the target to Azimuth-Elevation- 
Range Recorder RD-54/TP, and the 
radar set to be used. 

(6) If the height stylus does not enter the 
plotting length, depress the SLEW 
switch momentarily. The height stylus 
should move toward the zero reference 
end of the plotting surface. 


(7) If the height stylus does not move toward 
the zero reference end of the plotting 
surface, loosen the tension screws and 
turn the adjusting knob to rotate the ap- 
plicable control transformer (fig. 22), 
until the stylus does move toward the 
zero reference end of the plotting surface. 
For Azimuth-Elevation-Range Recorder 
RO-3/MPQ, interchange the captions 
B605-fine and B604—-coarse on the height 
servo channel. 


20. Initial Adjustments 

a. Wire Rope Adjustment. The wire rope ten- 
sion need be adjusted only if the tension proves 
incorrect after the following check: Displace the 
stylus carriage assembly manually to the extreme 
end of the recorder scale. Use an 8-ounce spring 
scale to check the tension of the wire rope at the 
center of the recorder scale. Displace the wire 
rope one-half inch in an upward direction, and 
observe the value indicated on the spring scale. 
This value should be approximately 4 ounces. 
If the scale reads more or less than the 4 ounces 
required for the correct wire rope tension, the 
following adjustment must be made— 

(1) Loosen the wire rope tension adjusting 
screw located on the drive pulley (7, 
fig. 28), using the wire rope tension ad- 
justing nuts, if the wire rope tension is 
above the nominal value. 

(2) Tighten the wire rope tension adjusting 
screw located on the drive pulley (7, fig. 


29 


*sazoqgipab yynwuizp pun ‘abuns qybrayy “gg asnbry 


“OdW/¢-04 430YOI3H 


Ze2-vEeSSMl 
SONVY-NOLLVAZTS-HINWIZY NO 
QJONVHOUSALNI 3uv SO98 GNV bO9E © 310N 
goog —— o19@ 6098 
yaWHO4SNVYL 


xoguvasd 


xoguvas 
OAMAS LHSISH 


OAUYAS 
HLiNWIZY¥ 
ANIS 
go9d 


ANi4 
YAWHOASNVYL 


£098 
YSAWHOASNVYL 


GO94 


3SuYvOo 
vogs 
YSWHOISNVYL 





asuvoo 
SON» z098 SONY xoguva9 SSON™ 
ONILSNPAY USWYOISNVYL| ONISAraV OAN3S JONVY ONILSNPOY 
9093 3asHVvOo 4093 
9098 
YHAWHOSSNVAL 


30 


28), using the wire rope tension adjusting 
nuts, if the wire rope tension is below the 
nominal value. 


b. Stylus Pressure Adjustment. If the plot pro- 
duced by the stylus on the plotting paper proves 
to be too light in definition, an adjustment that 
will intensify the plot line can be made in the 
following manner: 


(1) Remove the stylus carriage assembly (31, 
fig. 51) from between the guide shafting 
(33). 

(2) Remove the two plain knurled nuts (35); 
this will allow the stylus (11) and the 
helical compression spring (12) to be re- 
moved from the stylus carriage assembly. 

(3) To increase the stylus plotting pressure, 
stretch the helical compression spring 
(12) slightly. 

(4) To reassemble, reverse the order of the 
procedures listed in (1), (2), and (3) 
above. 

(5) If the plot still proves to be too light, re- 
peat the steps outlined in 5(1) through (4) 
above. 


c. Servo Amplifier Sensitivity Adjustment. The 
purpose of this adjustment is to put the styluses 
(azimuth, height, and range) at positions of op- 
timum plotting efficiency. 

Note. Adjust one channel at a time. The adjustment 
8 the same for each one. 

(1) Advance the servo amplifier GAIN con- 
trol to the halfway point to provide 
some power for the initial motion of the 
stylus. 

(2) Set the SINGLE-DUAL switch in the 
DUAL position and rotate the C F 
SWITCHING control to the extreme 
ccw position. See that the green lamp is 
lighted to indicate fine operation. 

(3) Displace the stylus by giving it a slight 
push along the plotting surface. 

(4) Observe the reaction of thestylus. If the 
stylus starts to hunt, adjust the DAMP- 
ING control until the stylus stops. 

(5) Advance the servo amplifier GAIN con- 
trol and again displace the stylus with a 
slight push. Further adjust the DAMP- 
ING control if it is necessary. 

Caution: Do not advance the GAIN 
control to a point where the. stylus will 
start to jitter. 


21. Paper Travel Speed Adjustment 
(fig. 52) 


Follow the procedure outlined below to check or 
adjust the paper travel speed. 

a. Turn the PAPER DRIVE MOTOR ON-OFF 
switch located on the power panel to the ON 
position. 

b. Place the paper in motion by putting the 
PAPER DRIVE LOCAL ON-OFF switch in the 
ON position. 

c. Use any fixed portion of the stylus frame to 
mark the paper at the start and finish of a 60- 
second interval. ; 

d. Stop the paper movement. 
off the marked section. 

e. Use the plotting aid (fig. 9) to see that the 
two marks are 22.5 inches apart to within one- 
sixteenth inch. 

f. If the two marks made on the paper are more 
than 22.5 inches apart, reduce the paper travel 
speed by slowing down the paper drive governor. 
This can be done by loosening the four self-locking 
nuts (63, fig. 52) an equal amount. 

g. If the two marks made on the paper are less 
than 22.5 inches apart, increase the paper travel 
speed by speeding up the paper drive governor. 
This can be done by tightening the four self-lock- 
ing nuts (63, fig. 52) an equal amount. 

Caution: Be sure that the four nuts are loos- 
ened or tightened equally. 

h. Repeat the procedures given in a through g 
above, and recheck the paper speed. Repeat the 
adjustment until the two marks are within one- 
sixteenth inch of the 22.5 INCHES=60 SECS 
line. 


Pull out and tear 


22. Zeroing Procedure 


The purpose of zeroing in the recorder with its 
associated radar set is to orient the styluses so 
that their readings will correspond to the azimuth, 
height, and range data being transmitted from the 
radar set. Before carrying out the procedure out- 
lined below, be sure that the radar set is transmit- 
ting the following: 


Radar range--.---- zero yards. ~ 
Radar elevation.... zero mils. 
Radar azimuth... _ zero mils or reference 
azimuth. 
Note. In order that the azimuth sector, through which 


the radar set is to operate, will be included between the low 
end and the high end of the recorder azimuth scale, it may 


be necessary to select an azimuth other than zero mils as 


the value for the low or zero end of the recorder azimuth 
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seale. The azimuth selected is the reference azimuth. 
For example: The center azimuth of the sector to be 
scanned by the radar set is 3,815 mils. The recorder azi- 
muth scale and plotting aid are calibrated from 0 to 3,200 
mils; thus, the center azimuth of the sector to be scanned 
is off the scale. To bring the center azimuth of the sector 
to be scanned to the center of the azimuth scale of the 
recorder and the plotting aid, proceed as follows: 

(1) At the 1,600-mil division (center point) of the 
recorder azimuth scale and of the plotting aid 
azimuth seale, inscribe 3 800 mils by means of 
a china marking pencil. This is the center azi- 
muth (3,815 mils) to the nearest 100 mils. 
Change the other azimuth divisions on the re- 
corder scale and plotting aid accordingly. The 
zero reference line of the scale now represents 
1,200 mils (3,800 mils—1,600 mils=1,200 mils). 

(2) The radar set must be positioned to an azimuth 
of 1,200 mils (new reference azimuth) when the 
zeroing procedure for the azimuth channel is 
performed. 

a. Perform the zeroing procedure for the azi- 


muth channel as follows: 

(1) Throw the SYNCHRO DATA SINGLE- 
DUAL switch to the SINGLE position. 

(2) Use the zero stylus to inscribe a zero 
reference line by moving the paper 
manually along the plotting surface. 

(3) Loosen the tension screws on the coarse 
control transformer clamps and adjust 
coarse control transformer B602 (fig. 22) 
by turning the adjusting knob until the 
stylus comes to zero. Use the zero 
reference line inscribed with the zero 
stylus. 

(4) Throw the SYNCHRO DATA SINGLE- 
DUAL awitch in the DUAL position. 

(5) Adjust the fine control transformer B603 
by turning the adjusting knob until the 
azimuth stylus comes exactly down to 
the zero reference line. This fine adjust- 
ment is a very critical setting and should 
be exactly on the zero reference line. 

(6) If there is any backlash present in the 
setting of the azimuth stylus, manipulate 
this setting to divide the backlash in half; 
this diminishes the possible error by that 
amount. 

b. Perform the zeroing procedure for the range 
channel by using range coarse and fine control 
transformers B606 and B607 and following the 
instructions given in a above. 

c. Perform the zeroing procedure for the height 
channel of Azimuth-Elevation-Range Recorder 
RD-54/TP. as follows: 
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(1) Place the HEIGHT FEET switch in the 
required position. 

(2) Place the SINGLE-DUAL switch in the 
SINGLE position. 

(3) Repeat the procedures given for the azi- 
muth channel (a, above). If the 7,500- 
foot height scale is used, adjust coarse 
control transformer B604; if the 30,000- 
foot height scale is used, adjust fine 
control transformer B605. 

d. Perform the zeroing procedure for the height 
channel of Azimuth-Elevation-Range Recorder 
RO-3/MPQ, using height coarse and fine control 
transformers B604 and B605. Follow the pro- 
cedures given in @ above. : 


Note. The positions of the coarse and fine control 
transformers (B604 and B605) for the height servo unit 
are reversed in this recorder; the positions of the trans- 
formers in the range and servo units are the same in both 
recorders (fig. 22). 


e. Adjust the scale so that the pointers on the 
styluses rest on the zero line. 


23. Coarse-Fine Switching Adjustment 


For Azimuth-Elevation-Range Recorder RD- 
54/TP, only the coarse-fine switching circuits of 
the range and azimuth channels require adjust- 
ment. Since the height channel is not adjusted, 
SYNCHRO DATA SINGLE-DUAL switch of 
that channel always should remain in the SINGLE 
position. Follow exactly the procedure described 
in paragraphs 24 and 25 for adjusting the coarse- 
fine switching circuits. All channels of Azimuth- 
Elevation-Range Recorder RO-3/MPQ require 
the coarse-fine switching adjustment. 


24. Range Coarse-Fine Adjustment 


Note. The GAIN and DAMPING controls for this 
channel should be adjusted before performing the follow- 
ing operations. If they have not been adjusted, refer to 
paragraph 20 before proceeding. 


a. See that the C F SWITCHING control is in 
in the cew position. 

b. Throw the SYNCHRO DATA SINGLE 
DUAL switch to the DUAL position. 

c. Turn off the range servo amplifier by putting 
the 115V AC ON-OFF switch in the OFF position. 

d. Displace the range stylus carriage assembly 
approximately 2% inches up or down scale. 

Note. The above operation can be performed at any 


position along the plotting surface and need not neces- 
sarily be done at the zero point. 


e. Turn on the servo amplifier by placing the 
115V AC ON-OFF switch in the ON position. 
The stylus carriage assembly should now sit 2.6 
inches (2,000 yards) from its original position. 

f. Advance the C F SWITCHING control until 
the red indicator lamp lights. This causes the 
stylus carriage assembly to move toward its orig- 
inal position. When the assembly reaches its 
original position, the green indicator lamp lights 
and remains lighted, indicating that the circuit 
has returned to fine operation. 

g. Advance the C F SWITCHING control 
slightly further (in the clockwise (ew) direction) to 
provide a safety factor. The coarse-fine switch- 
ing circuit for the range channel is now adjusted. 


25. Azimuth Coarse-Fine Adjustment 


a. See that the C F SWITCHING control is in 
the cew position. 

b. Put the SYNCHRO DATA SINGLE-DUAL 
switch in the DUAL position. 

c. Return the GAIN control to zero. 


Note. Mark the original setting of this control before 
returning it to zero. The setting will be returned to its 
adjusted gain position 


d. Displace the azimuth stylus carriage assembly 
exactly one-eight inch from its original position 
in either direction. This operation may be ac- 
complished along any position on the plotting 
surface. The displacement of this stylus car- 
riage assembly should be as exact as possible. 


Note. A very careful check should be made when dis- 
placing the azimuth stylus carriage assembly one-eighth 
of an inch. This setting is extremeiv critical and should 
be checked before proceeding with the remainder of the 
adjustment. 


e. Advance C F SWITCHING control until the 
red indicator lamp lights. 

f. Return the GAIN control to its original 
position. The stylus carriage assembly will re- 
turn to its original position and the green indicator 
lamp will light and remain lighted. The coarse- 
fine switching circuit for the azimuth channel is 
now adjusted. 


Note. If the azimuth system oscillates. between the 
coarse position and the fine position, it is an indication that 
the coarse and fine control transformers are not accurately 
alined. To correct this condition, refer to paragraph 22. 


26. Height Coarse-Fine Adjustment 


To adjust the coarse-fine switching on the height 
channel of Azimuth-Elevation-Range Recorder 
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RO-3/MPQ use the appropriate C F SWITCH- 
ING control and SYNCHRO DATA SINGLE- 
DUAL switch on the height servo amplifier, as 
described in paragraph 24. The displacement 
noted in paragraph 24d will, in this instance, be 
approximately 6% inches up or down scale. The 
stable point described in paragraph 24e will be 
6.5 inches (7,500 feet) from its original position. 


27. Operation 


The operation of the recorder depends solely 
on the operation of the associated tracking radar 
set. This equipment, therefore, cannot be oper- 
ated independently of the radar set. There are 
no instructions contained in this manual regarding 
the operation of the radar set used in the system. 
Since the recorder receives its signal data and 
power from the tracking radar, erratic operation of 
the equipment may sometimes be traced directly 
to the radar set itself, rather than to the recorder. 
The operator at the tracking radar can start the 
paper drive on the recorder only when the PAPER 
DRIVE AUTOMATIC-MANUAL switch is in 
the AUTOMATIC position. The recorder always 
should be in a plotting condition when the operator 
at the radar set starts the paper in motion along 
the plotting surface. The theory of operation of 
the components that make up Azimuth-Elevation- 
Range Recorder RD-54/TP and RO-3/MPQ is 
covered in chapter 4. 


28. Stopping Procedure 


When instructions are received from the opera- 
tions officer, turn off the equipment in the following 
sequence: 

a. Turn the three servo amplifier 115V AC 
ON-OFF switches to the OFF position. 

b. Turn the main power 115V AC SUPPLY 


‘ON-OFF switch to the OFF position. 


c. If the recorder is to be moved, disconnect the 
data cable by removing the connector plug of the 
data cable from the receptacle connector (fig. 12). 
Replace the plug caps. 

d. Mount the stylus rod damper in its shipping 
position. Remove the damper from its stored 
position (fig. 50) and mount it in place beneath 
the stylus guide rods. 


29. Interpretation and Extrapolation of the Height, 
Range, and Azimuth Plots 


a. Need for Extrapolation. Only data above 
certain height limits are available to the recorder 
because of radar ground clutter effects. The 
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minimum height varies considerably with the type 
of terrain and the radar site. For present applica- 
tions of radar in the field artillery, two positions 
of the projectile are of interest. One is the point 


at which the projectile leaves the firing piece and. 


the other is at the point of impact. The first is 
necessary for directing counter-battery fire, and 
the second is necessary for the adjustment of 
friendly fire. 

b. Theory of Extrapolation. The two positions 
of interest are at ground height; therefore, the 
plot must be extended to include them. The 
plotted curves of the projectile’s position will be 
relatively smooth and continuous. There will be 
no sudden changes in data. Therefore, the cuves 
may be extended in the same general trend until 
the ground height positions are determined. This 
is called extrapolation. It is necessary to know 
which part of the plot is used for the gun location 
and which part for the burst location. Since the 
paper is driven through the plotter in the same 
direction at all times, the following holds true 
regardless of the direction of fire: 

(1) Gun data at left of plot. 
(2) Burst data at right of plot. 

c. Pickup Effect. The pickup point is the point 
at which the radar set is directed when locking on 
a projectile. When the radar set tracks the first 
few rounds from a gun, the pickup point may not 
be the best obtainable. This causes the radar data 
plots to jump in azimuth or elevation, or both, 
when locking on the projectile (A and B, fig. 23). 
These jumps in the plot should not be considered 
as part of the plot for extrapolation purposes 
since they do not represent true projectile data. 

d, Extrapolation of Height Plot. The first step 
in the extrapolation procedure is to label the data 
traces height, range, and azimuth by observing the 
order in which their starting points appear from 
left to right. The solid traces on figure 23 repre- 
sent the data traces made by the styluses in the 
recorder; the broken lines represent the extra- 
polated portion of the data traces. The displace- 
ment of the starting points of the solid traces 
occurs because the styluses are displaced laterally 
from each other by a fixed distance (fig. 50), per- 
mitting the proper association of each curve with 
its stylus. The starting point of each solid trace 
occurs in this order; height, range, and azimuth. 
When the gun height (or burst height) is the same 
as the radar height, the height plot is brought to 
the zero or ground height by fitting the trajectory 
curve (plexiglas parabola) to the curve to suit the 
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general trend of that portion of the plot. Extend 
the height plot until it intersects the ground or 
zero reference line. The extrapolation procedure 
to be used when there is a height difference 
between the radar and the gun is given in g(3) 
below. Since the ground line represents the alti- 
tude of the radar, intersection point C, figure 23, 
represents ground height of the gun. Two adverse 
conditions of the plot encountered in extrapolating 
height plots are— 


(1) Height plot not smooth. If the radar does 
not track smoothly in range or elevation, 
the height plot may be erratic or contain 
oscillations. This may be caused by an 
improper adjustment of the radar, a poor 
pickup point, the effect of clouds or 
ground clutter on the tracking radar, or 
the effect of the radar’s tracking of multi- 
plerounds. If the plot is not smooth, the 
parabola is fitted so that the variations 
in the plot lie equally inside and outside 
the parabola. If variations exist in only 
a small portion of the plot (fig. 23), as 
occurs at a poor pickup point, the pa- 
rabola is fitted to the plot to suit the 
general trend of that portion of the plot. 

(2) Height plot of shape different from parabola. 
The height plot may be of a shape differ- 
ent from the trajectory curve for several 
reasons: 

(a) The height-time plot is parabolic only 
when the effect of air resistance is 
neglected. For the high velocity pro- 
jectiles, the influence of air resistance 
on the projectile’s flight is great 
enough to change the plot considerably. 

(b) If the paper speed is too fast or too 
slow, the parabola will be expanded or 
contracted. 

(c) If the height curve has a shape different 
from the parabola, it still can be extra- 
polated accurately. Keep in mind 
that the trajectory curve is used only 
as an extrapolating aid to facilitate the 
extending of the height plot in a 
manner that best. fits what acutally 
has been plotted. Therefore, do not 
attempt to fit the trajectory curve to 
the height plot as a whole; fit it to 
either the ascending or descending leg 
of the plot. The height plot always 
will conform closely enough to the 


parabolic curve to permit using the 
trajectory curve for this job. 

e. Extrapolation of the Azimuth Plot. The azi- 
muth plot can assume different forms depending 
on the path of the projectile. If the projectile 
moves directly toward the radar or directly away 
from the radar, the azimuth plot is a straight line 
because the azimuth remains the same. An 
azimuth plot of this type can be extended by 
means of a straightedge. All azimuth plots, 
except those for projectiles moving directly to- 
ward or away from the radar have some curvature. 
The azimuth plot of figure 23 is that of a projectile 
moving from left to right in front of the radar. 
To extrapolate a curve of this type, fit a portion 
of the trajectory curve to the plot so that it best 
fits the curve, and extend the plot as shown by 
the broken line, BE, figure 23. If the plot is 
erratic or contains oscillations, it should be 
extrapolated so that the plot lies equally on either 
side of the straightedge or trajectory curve. 

f. Extrapolation of Range Plot. The range plot 
is a plot of range from the tracking radar to the 
projectile. The plot may have a pumber of 
different shapes, depending on the path of the 
projectile relative to the position of the radar. 
The plot is extrapolated in the same manner as 
the azimuth plot by using a trajectory curve or a 
straightedge. 

g. Data Reading from Plots. 

(1) Scales. A plotting aid (plexiglas rectangle) 
(fig. 9) engraved with height, range, and 
azimuth scales is used to read data from 
the plots. The scales are calibrated 
vertically from a reference line that 
corresponds to the ground line on the 
plot and permits the reading of data 
directly from the plot. Since the scale 
covers only a 3,200-mil sector in azimuth, 
occasionally a reference other than zero 
must be selected (par. 22). After the 
correct reference has been selected, the 
scale is renumbered with a chinu marking 
pencil for direct reading. 

(2) Reading data to gun or burst. When the 
gun, burst, and radar are at the same 
height, the position of the projectile 
at zero height is also the position of the 
gun (or burst). Therefore, the data for 
the projectile at zero height is also valid 
for the gun because the projectile is’ in 
the gun. To determine the location of 
the gun, proceed as follows: 


(a) Extrapolate the height plot, as indi- 
cated by the broken line, AC, figure 23, 
until it crosses the zero reference line. 

(b) Extrapolate the azimuth and range 
plots, as indicated by the broken lines 
through E and D, until the plots 
extend beyond the point at which the 
height plot crosses the zero reference 
line (ground line). 

(c) Place the zero position of the height 
scale of the plotting aid over the 
intersection of the extrapolated height 
plot and zero reference line or ground 
line (C, fig. 28). 

(d) Read the data at the points where the 
extrapolated range and azimuth plots 
intersect their respective scales on the 
plotting aid; point D for range and 
point E for azimuth. This data indi- 
cates the ground range and azimuth 
from the radar set to the firing piece 
or burst. 

(e) To, determine the location of the burst, 
the plots are extrapolated to the 
right-hand side of the chart (fig. 23) 
and the data read in the same manner 
described above. 


(3) Height difference between radar, gun, and 
burst. For purposes of computing firing 
data, the elevation of the control points, 
observation posts, and radar positions 
are determined with reference to sea level 
or an assumed datum plane. This ver- 
tical control is then extended into the 
target area. For a detailed discussion of 
vertical control refer to the field manval 
on field artillery observation. To deter- 
mine the position of the gun or burst not 
at radar altitude proceed as follows: Ex- 
trapolate the height, azimuth, and range 
plots of the projectile to the zero reference 
line as though no difference in altitude 
exists (g above) and read the data. De- 
termine from this apparent location of 
the gun the height difference between the 
gun (or burst) and radar from the vertical 
control data. Mark this difference at 
the proper place on the height scele of 
the plotting aid. Thus, if the gun posi- 
tion is 10 feet higher than the radar, a 
mark is made at the height-scale division 
representing 10 feet. Then, keeping the 
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Figure 23. Location of firing point from recorder plots. 


plotting aid zero line coinciding with the 
plotted ground or zero reference line, 
slide the scale along the zero reference 
line until the extrapolated height plot 
intersects the height scale at the newly 
marked point. The new values of range 
and azimuth now are read directly from 
the appropriate scale on the plotting aid. 
If the location sought is at a lower alti- 
tude than the radar set, the height plot 
must be extrapolated below the zero 
reference line as determined by the verti- 
cal control data. 


h. Summary of Plot Interpretation. The follow- 


ing steps are performed to obtain data to a gun or 
to a point of impact: 

(1) Label the height, range, and azimuth 
plots. 

(2) Extrapolate the height, range, and azi- 
muth plots. 

(3) Read the data to the gun or to the burst 
at zero reference level. 

(4) Plot the data to the gun or burst and 
determine the height difference (if verti- 
cal control is available). 

(5) Reread the data from the plot using the 
height difference to replot the new values 
of range and azimuth. 


Section IV. OPERATION UNDER UNUSUAL CONDITIONS 


30. General 


The operation of the recorder may be difficult 
in regions where extreme cold, heat, humidity 
and moisture, and sand conditions prevail. In the 
following paragraphs (31 through 33), instructions 
are given on procedures for minimizing the effect 
of these unusual operating conditions. 
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31. Operation in Arctic Climates 


Subzero temperatures and climatic conditions 
that are associated with cold weather may affect 
the efficient operation of this equipment. In- 
structions and precautions for operation under 
such adverse conditions follow: 

a. Be extremely careful when handling the 
equipment. 


b. Keep the equipment warm and dry. If the 
recorder, when in operation, is not located in a 
heated inclosure, construct a partial inclosure to 
help minimize the adverse conditions prevalent in 
arctic regions. Keep the filaments of the vacuum 
tubes in each servo amplifier lighted constantly, 
unless this precaution overtaxes the power supply. 

c. Locate the equipment inside a heated in- 
closure where there is danger of a'cold draft 
striking the vacuum tubes when the servo ampli- 
fiers are pulled out of the equipment for test or 
repair purposes. A sudden draft of cold air can 
shatter the glass envelope of a heated tube. If a 
heated inclosure is not available, or if the inclosure 
is so constructed that this precaution is impos- 
sible, place a blanket or some barrier between the 
source of the draft and the equipment. 

d. When equipment which has been exposed to 
the cold is brought into a warm room, it will 
sweat until it reaches room temperature. When 
the equipment has reached room temperature, 
dry it thoroughly. This condition also arises 
when equipment warms up during the day after 
exposure during a cold night. 

e. Use any improvised means to protect the 
interconnecting data cable between the recorder 
and the radar set, or to protect the test cable when 
repairing or testing the servo amplifiers. 


32. Operation in Tropical Climates 


When operated in tropical climates, the recorder 
may be installed in tents, huts, temporary shelters, 
or, when necessary for tactical reasons, in under- 
ground dugouts. When the equipment is installed 


below ground and when it is set up in swampy 
areas, moisture is a serious problem. Ventilation 
is usually very poor, and the high relative humidity 
causes condensation on the equipment whenever 
its temperature becomes lower than that of the 
surrounding air. To minimize the effects of this 
condition, place lighted electric bulbs, if possible, 
under the equipment. 


33. Operation in Desert Climates 


a. The main problem which arises with equip- 
ment operation in desert areas is the large amount 
of sand or dust and dirt which enters the moving 
parts of the equipment. Therefore, always keep 
the access panels mounted on the equipment. 
The ideal preventive precaution is to house the 
equipment in a dustproof shelter. Since, however, 
such a shelter is seldom available, the next best 
precaution is to make the shelter in which the 
equipment is located as dustproof as possible 
with available materials and with regard to the 
tactical situation. If tents are used, secure 
the side walls with sand to prevent the canvas 
from flapping in the wind. 

b. Never tie the data cable to either the inside 
or the outside of improvised shelters. Desert 
areas are subject to sudden wind squalls which 
may jerk the data cable connections loose. 

c. Be careful to keep the equipment as free 
from dust as possible. Make frequent preventive 
maintenance checks (ch. 3). Excessive amounts 
of dust, sand, or dirt that come into contact with 
parts that have been lubricated result in grit, 
which will damage the equipment. 
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CHAPTER 3 
ORGANIZATIONAL MAINTENANCE INSTRUCTIONS 


en Aisne nee NLR 


Section I. ORGANIZATIONAL TOOLS AND EQUIPMENT 


34. Tools and Materials Supplied 

There are no tools or materials supplied with 
the recorder. 
35. Organizational Tools and Materials 

The associated radar set, either Radio Set 


SCR-584—-A or -B or Radar Set AN/MPQ-10 or 
~10A, will stock a complete set of tools and mate- 
rials needed for maintenance. If it becomes nec- 
essary, the tools and material supplied with the 


associated radar set may be used for the recorder. 


Section Il. PREVENTIVE MAINTENANCE SERVICES 


36. Definition of Preventive Maintenance 


Preventive maintenance is work performed on 
equipment (usually when the equipment is not 
in use) to keep it in good working order so that 
breakdowns and needless interruptions in service 
will be kept to a minimum. Preventive mainte- 
nance differs from troubleshooting and repair 
since its object is to prevent certain troubles 
from occuring. (See AR 750-5.) 


37. General Preventive Maintenance Techniques 


a. Use No. 00 sandpaper to remove corrosion. 

b. Use a clean, dry, lint-free cloth or a dry 
brush for cleaning. 

(1) If necessary, except for electrical contacts, 
moisten the cloth or brush with Solvent, 
Dry Cleaning (SD); then wipe the parts 
dry with a cloth. 

(2) Clean electrical contacts with a cloth 
moistened with carbon tetrachloride; 
then wipe them dry with a cloth. 

Caution: Repeated contact of carbon 
tetrachloride with the skin or prolonged 
breathing of the fumes is dangerous. 
Make sure adequate ventilation is pro- 
vided. 

c. If available, dry compressed air may be used 
at a line pressure not exceeding 60 pounds per 
square inch to remove dust from inaccessible 
places; be extremely careful however, or mechan- 
ical damage from the air blast may result. 
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d. For further information on preventive main- 
tenance techniques, refer to TB SIG 178. 


38. Use of Preventive Maintenance Forms 
(figs. 24 and 25) 


a. The information in paragraph 39 is pre- 
sented as a guide to the individual making an 
inspection of equipment in accordance with in- 
structions on DA Forms 11-238 and 11-239. The 
decision as to which items on the forms are appli- 
cable to this equipment is a tactical decision to 
be made in the case of first echelon maintenance 
by the communications officer/chief or his desig- 
nated representative, and, in the case of second 
and third echelon maintenance, by the individual 
making the inspection. Instructions for the use 
of each form appear on the reverse side of the 
form. 

b. Circled items in figures 24 and 25 are par- 
tially or totally applicable to Azimuth-Hlevation- 
Range Recorder RD-54/TP and Azimuth-Eleva- 
tion-Range Recorder RO-3/MPQ. References in 
the ITEM block refer to paragraphs in text which 
contain additional maintenance information. 


39. Performing Preventive Maintenance 


a. Performing Exterior Preventive Maintenance. 

Caution: Tighten screws, bolts, and nuts care- 
fully. Fittings tightened beyond the pressure for 
which they are designed will be damaged or broken. 
Do not use any solvents or cleaning agents on the 


OPERATOR FIRST ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMENT 
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR 


INSTRUCTIONS: See other side 


EQUIPMENT NOMENCLATURE EQUIPMENT SERIAL NO. 


LEGEND FOR MARKING CONDITIONS: ¥ Satisfactory; X Adjustment, repair or replacement required; ® Defect corrected. 
NOTE: Strike out items not applicable. 


CONDITION 


COMPLETENESS ANO GENERAL CONDITION OF EQUIPMENT (receiver, transmitter, carrying cases, wire and cable, 
microphones, tubes, spere parts, technical menuals and accessories). 





LOCATION AND INSTALLATION SUITABLE FOR NORMAL OPERATION. 


CLEAN DIRT AND MOISTURE FROM ANTENNA, MICROPHONE, HEADSETS, CHESTSETS, KEYS, JACKS, PLUGS, TELEPHONES, 
CARRYING BAGS, COMPONENT PANELS. 
ce PAR. 39.4 (3) 


INSPECT SEATING OF READILY ACCESSIBLE "PLUCK=OUT" ITEMS: TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS, 
VABRATORSS PLUG-IN COILS AND RESISTORS. PAR. 390 (4) 





INSPECT CONTROLS FOR BINDING, SCRAPING, EXCESSIVE LOOSENESS, WORN OR CHIPPED GEARS, MISALIGNMENT, POSITIVE 
ACTION. 
PAR. 39 .4(5) 


CHECK FOR NORMAL OPERATION, 


CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK 
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISSION INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, ELEC 
LINES, WAVE GUIDES, AND CABLE CONNECTIONS. TROLYTE LEVEL AND SPECIFIC GRAVITY, ANO DAMAGED CASES. 


INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS, AND EXPOSED CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER 
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. WINDOWS, JEWEL ASSEMBLIES. 


PAR. 390 (7) 


INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, 
BREAKS, FRAYING, DETERIORATION, KINKS, AND STRAIN. INSPECT METEXS FOR DAMAGED GLASS AND CASES. 


PAR. 394 (8) 


INSPECT ANTENNA FOR ECCENTRICITSES, CORROSION, LOOSE FIT, INSPECT SHELTERS ANO COVERS FOR Al 1A F WEATHER- 
DAMAGED INSULATORS AND REFLECTORS. PROOFING. EETene oe ec ra a RRcun inc Mee 


PAR. 390 (10) 


INSPECT CANVAS ITEMS, LEATHER, AND CABLING FOR MILDEW, 
TEARS, AND FRAYING. CHECK ANTENNA GUY WIRES FOR LOOSENESS AND PROPER TENSION. 





INSPECT FOR LOOSENESS OF ACCESSIBLE ITEMS: SWITCHES, 
KNOBS, JACKS, CONNECTORS, ELECTRICAL TRANSFORMERS, POWER~ 
STATS, RELAYS, SELSYNS, MOTORS, BLOWERS, CAPACITORS, GEN- 
ERATORS, AND PILOT LIGHT ASSEMBLIES. 

is PAR. 39 0 (9) 


19 IF DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, INDICATE ACTION TAKEN FOR CORRECTION. 


CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED 
GASKETS, DIRT AND GREASE. 





DA 1 Pha 11-238 REPLACES OA AGO FORM 419, 1 DEC 50, WHICH 1S OBSOLETE. 


TM5534-80 


Figure 24. DA Form 11-238. 
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SECOND AND THIRD ECHELON MAINTENANCE CHECK LIST FOR SIGNAL CORPS EQUIPMERT 
RADIO COMMUNICATION, DIRECTION FINDING, CARRIER, RADAR 


INSTR See other side 


magheetting cha 


LEGEND FOR MARKING CONDITIONS: v Satisfactory; Adjustment, repair or replacement required; ® Defect corrected. 
ea out itema not applicable, 
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DA. ef wr 11-239 


COMPLETENESS AND GENERAL CONDITION OF EQUIPMENT (receiver, 
transmitter, carrying cases, wire and cable, microphones, 
tubes, spare ports, technical wanuals and accessuries). 

PAR. 39 @ (i) 





LOCATION AND INSTALLATION SUITASLE FOR NORMAL OPERATION. 
PAR. 39 0 (2) 


CLEAN DIRT ANO MOISTURE FROM ANTENNA, MICROPHONE, HEADSETS, 
CHESTSETS, KEYS, JACKS, PLUGS, TELEPHONES, CARRYING BAGS, 
COMPONENT PANELS. 

. PAR, 39. (3) 


INSPECT SEATING OF READILY ACCESSIBLE "PLUCK=OUT” ITEMS: 
TUBES, LAMPS, CRYSTALS, FUSES, CONNECTORS, VIGRATORS, 
PLUG-IN COILS AND RESISTORS. 

PAR. 39 0 (4) 


INSPECT CONTROLS FOR SINDING, SCRAPING, EXCESSIVE LOOSENESS, 
WORN OR CHIPPED GEARS, MISALIGNNENT, POSITIVE ACTION. 


PAR, 390 (5) 


CHECK FOR NORMAL OPERATION. 


CLEAN AND TIGHTEN EXTERIOR OF COMPONENTS AND CASES, RACK 
MOUNTS, SHOCK MOUNTS, ANTENNA MOUNTS, COAXIAL TRANSMISSION 
LINES, WAVE GUIDES, AND CABLE CONNECTIONS. 


INSPECT CASES, MOUNTINGS, ANTENNAS, TOWERS. AND EXPOSED 
METAL SURFACES, FOR RUST, CORROSION, AND MOISTURE. 


PAR. 390(7) 


INSPECT CORD, CABLE, WIRE, AND SHOCK MOUNTS FOR CUTS, 
BREAKS, FRAYING, OETERTORATION, KINKS, AND STRAIN. 


PAR. 390 (8 


INSPECT ANTENNA FOR ECCENTRICITIES, CORROSION, LOOSE FIT, 
DAMAGED INSULATORS AWD REFLECTORS, 


INSPECT CANVAS ITEMS, LEATHER, AND CABLING FOR MILDEW, 
TEARS, AND FRAYING. 


INSPECT FOR LOOSENESS GF ACCESSIBLE ITEMS: SWITCHES, KNOBS, 
JACKS, CONNECTORS, ELELTRICAL TRANSFORMERS, POWERSTATS, 
RELAYS, SELSYNS, MOTORS, BLOWERS, CAPACITORS, GENERATORS, 
AND PILOT LIGHT ASSEMBLIES. PAR, 390 (9) 


INSPECT STORAGE BATTERIES FOR DIRT, LOOSE TERMINALS, 
ELECTROLYTE LEVEL AND SPECIFIC GRAVITY, AND DAMAGED CASES, 


CLEAN AIR FILTERS, BRASS NAME PLATES, DIAL AND METER 
WINDOWS, VEWEL ASSEMBLIES. 


INSPECT METERS FOR DAMAGED GLASS AND CASES. 


INSPECT SHELTERS AND COVERS FOR ADEQUACY CF WEATHERPROOF ING. 


PAR 390 (10) 





CHECK ANTENNA GUY WIRES FOR LOUSENESS AND PRUPER TENSION. 


CHECK TERMINAL BOX COVERS FOR CRACKS, LEAKS, DAMAGED 
GASKETS, DIRT ANO GREASE. 











ELECTRON TUBES = INSPECT FOR LOOSE ENVELOPES, CAP CONNEC 
TORS, CRACKED SOCKETS: INSUFFICIENT SOCKET SPRING TENSIONS 
CLEAN DUST AND DIRT CAREFULLY; CHECK EMISSION OF RCE ER 
TYPE TUBES. PAR. 390 (I 


INSPECT Flil CuT-OUTS FOR LOOSE FARTS, DIRT, MISALIGNMENT 
AND CORROSION. 


tNSPECT FIXED CAPACITORS FOR LEAKS, BULGES, AND DISCOLORA} 
TION. 
PAR, 39D (2) 


INSPECT RELAY AND CIRCUIT BREAKER ASSEMBLIES FOR LOOSE 
MOUNTINGS; BURNED, PITTED, CORRODED CONTA“ TS; MISALIGNMENT 
OF CONTACTS AND SPRINGS; INSUFFICIENT SPRING TENSION; BIND- 
ING OF PLUNGERS AND HINGE PARTS. PAR, 39 b(3) 


INSPECT VARIABLE CAPACHTORS FOR, DIRT, MOISTURE, NISALIGN= 
WENT OF PLATES, AND LOOSE MOUNTINGS. 
PAR, 39b(4) 


INSPECT RESISTORS, BUSHINGS, AND INSULATORS, FOR CRACKS, 
CHIPPING, BLISTERING, DISCOLORATION AND MOISTURE. 


PAR, 39 b(5) 


INSPECT TERMINALS OF LARGE FIXED CAPACITORS AND RESISTORS 
FOR CORROSION, DIRT AND LOOSE CONTACTS, 


PAR 39b(6) 


CLEAN AND TIGHTEN SWITCHES, TERMINAL @LOCKS, BLOWERS, 
RELAY CASES, AND INTERIORS OF CHASSIS AND CAYIWETS NOT 
READILY ACCESSIBLE, 

PAR, 39b(7) 


INSPECT TERMINAL BLOCKS FOR LOOSE CONNECTIONS, CRACKS 
AND BREAKS. 


CHECK SETTINGS OF ADJUSTABLE RELAYS, 


LUBRICATE EQUIPMENT IN ACCORDANCE WITH APPLICABLE 
OEPARTMENT OF THE ARMY LUGRICATION ORDER, 





INSPECT GENERATORS, AMPLIDYNES, DYNAMOTORS, FOR SRUSH WEAR, 
SPRING TENSION, ARCING, AND FITTING OF COMMUTATOR, 


CLEAN AND TIGHTEN CONNECTIONS AND MOUNTINGS FOR TRANSFORMERS 
CHOKES, POTENTIOMETERS, ANO RHEOSTATS, 





PAR 39b (10) 


INSPECT TRANSFORMERS, CHOKES, POTENTIOMETERS, ANO 
RHEOSTATS FOR OVEREATING AND ONL“LEAKAGE, 


BEFORE SHIPPING OR STORING = REMOVE BATTERIES, 


INSPECT CATHODE RAY TUBES FOR BURNT SCREEN SPOTS, 


INSPECT BATTERIES FOR SHORTS AND DEAD CELLS. 


INSPECT FOR LEAKING WATERPROC* GASKETS, WORM CR LOOSE PARTS. 


MOISTURE AND FUNGI PROOF. 





1F DEFICIENCIES NOTED ARE NOT CORRECTED DURING INSPECTION, IMOICATE ACTION TAKEN FOR CORRECTION. 


REPLACES DA AGO FORM 419, 1 DEC 50, WHICH IS OBSOLETE. 





TM 5534-81 


Figure 25. DA Form 11-289. 


recorder scale. Most cleaning agents will harm 
the plastic. 


(1) Check for completeness and general con- 
dition of the equipment (console and 
recorder assembly, data cable, trajectory 
curves, plotting aid, and spare parts) 
(par. 72a). 

(2) Check the suitability of the installation for 
normal operation. 

(3) Clean dirt and moisture from the exterior 
of the console and recorder assembly, the 
data cable connector plug, and the re- 
corder scale. 

(4) Inspect the seating of readily accessible 
pluck-out items: tubes, lamps under the 
recorder scale, fuses, connectors, plug-in 
coils, and resistors. 

(5) Inspect the controls for binding, scraping, 
excessive looseness, worn or chipped 
gears, misalinement, and positive action. 

(6) Check for normal operation (par. 46). 
Check the zero adjustments of all con- 
trol transformers (par. 22). Inspect all 
wire ropes for evidence of slack. 

(7) Inspect cases, mountings, drive pulley 
grooves, and exposed metal surfaces for 
rust, corrosion, and moisture. 

(8) Inspect the data cable, the data connector, 
znd wire ropes for cuts, breaks, fraying, 
deterioration, kinks, and strain. 

(9) Inspect the looseness of accessible items: 
toggle and rotary switches, connectors, 
electrical transformers, relays, motors, 
the blower, capacitors, and lamps under 
the recorder scale. 

(10) Inspect covers for adequacy of weather- 
proofing. 

. Performing Interior Preventive Maintenance. 

(1) Inspect the electron tubes in the servo 
amplifiers for loose envelopes, loose cap 
connectors, cracked sockets, and insuffi- 
cient socket spring tension; clean dust 
and dirt carefully; check eniission of 
receiver type tubes. 

(2) Inspect electrolytic capacitors for leaks, 
bulges, and discoloration (par. 736). 


(3) Inspect relays for loose mountings and 
burned, pitted, or corroded contacts; 
misalinement of contacts and springs; 
insufficient spring tension; and binding 
of plungers and hinge parts. Check the 
speed of the paper (3% inch per second or 
22.5 inches per minute). Check the 
stylus lift for sufficient holding power. 
Adjust the counterbalance by turning 
the screws until the stylus is supported 
fully when in a raised position. Inspect 
the microswitches under the azimuth 
drive pulleys for free-running rollers. 

Caution: When power has been dis- 
connected to make internal checks, make 
sure that the stylus assemblies do not 
bang against their stops when the power 
is reconnected. 

(4) Inspect variable capacitors for dirt, mois- 
ture, misalinement of plates, and loose 
mountings. 

(5) Inspect resistors, bushings, and insula- 
tors, for cracks, blistering, discoloration, 
and moisture (par. 73c). 

(6) Inspect terminals of large fixed capacitors 
and resistors for corrosion, dirt, and 
loose contacts. 

(7) Clean and tighten switches, terminal 
blocks, the blower, and relay cases; clean 
the interior portions of the chassis and 
the cabinet (pars. 37 and 72d). 

(8) Inspect the terminal blocks for loose con- 
nections, cracks, and breaks (par. 72c). 

(9) Check the settings of adjustable relays. 

(10) Clean and tighten the connections and 
the mountings for transformers, chokes, 
and potentiometers. 

(11) Inspect transformer T102, chokes, and 
potentiometers for overheating and oil 
leakage. 

(12) Inspect fuses and fuseholders for corro- 
sion, cracks, and insufficient tension for 
good contact. 

(18) Inspect wires for cracked, cut, and 
frayed insulation. 


41 


Section III. LUBRICATION AND WEATHERPROOFING 


40. Lubrication 


a. The recorder is designed to operate indefi- 
nitely without lubrication other than that pro- 
vided during manufacture. Several parts that 
should be lubricated periodically for preservation 
purposes, however, are listed in the following 
chart: 





be care Corps 
iu 


Component Part lubricated bricant 





Caution: In many cases, additional lubrica- 
tion may prove harmful. Lubrication of servo 
gearbox assemblies, for instance, may cause gears 
to become sticky and destroy the accuracy and 
sensitivity of the recorder assembly. If a moving 
component sticks or otherwise appears to require 
lubrication, the entire recorder should be turned 
over to qualified overhaul personnel. 

b. The paper drive gearbox assembly should be 
lubricated with Oil, Low Temperature, Lubricat- 
ing, Gear (OGR), or an equivalent, only during 











Lifting handles__________- All shafts_______ AN-G-25 mechanical overhaul as described in chapter 6. 
fine Gyeri Wola uae All shafts____-_- AN-G-25 The following chart lists the parts of the equip- 
Stylus carriage assembly_.-) Roller shafts....| AN-G-25 — ment lubricated by the manufacturer that do not 
require subsequent lubrication. 
Component Part lubricated Lubricant used | Besson ene ication is not 
Left paper holder___._-___-..___- Double-seal bearings. .--..-_.---_-_-_- AN-G-25 | Sealed bearings. 
Right paper holder___---.------_- Double-seal bearings__--_---_------_- AN-G-25 | Sealed bearings. 
Front) paper roller]. 22-2. oe Double-seal bearings._.__--__..---__- AN~G-25 | Sealed bearings. 
Rear paper rollero. 82 ses Double-seal bearings_-_-----_-----__- | AN-G--25 | Sealed bearings. 
Recorder assembly _._-_-_..-_-__ Drive pulley double-seal bearings______ AN-G-25 | Sealed bearings. 
Governor assembly_______-_-____ Double row bearing._..__._.__-_-___. AN-G-25 | Not accessible for servicing. 
WEOtOh sags ste See ee eee Shalt Hearne. cee ee eS AN-G-25 | Not accessible for servicing. 
Paper drive clutch coo) fis Le Double-seal bearings.._.._____--_____ AN-G-25 | Sealed bearings. 
Paper drive gearboxes_--_______- Double-seal bearings.___-__.__---_.__- AN-G-25 | Sealed bearings. 
Rope return pulleys. _.-..-..____ Double-seal bearings._____._.________ AN-G-25 | Sealed bearings. 
Guide pulley assembly____.______ Double-seal bearings.._______________ AN-G-25 | Sealed bearings. 
Guide pulley assembly__._______- Double-seal bearings______.___._____. AN-G-25 | Sealed bearings. 
Paper roller assembly____________ Double-seal bearings........._.-.____ AN-G-—25 | Sealed bearings. 
Paper roller assembly_-__-_-_---_- Double-seal bearings__-_____-.-__--_- AN-G-25 | Sealed bearings. 
Azimuth servo unit...-2.....2 2. Double-seal bearings__--_--_-_--._--- AN-G-25 | Sealed bearings. 
Range servo unit..-_.._.._______ Double-seal bearings.....____________ AN-G-25 | Sealed bearings. 
Elevation servo unit__.._.-_-_--- Double-seal bearings_-----.---------- AN-G-25 | Sealed bearings. 





41. Weatherproofing 


a. General. Signal Corps equipment, when 
operated under severe climatic conditions such as 
prevail in tropical, arctic, and desert regions, 
requires special treatment and maintenance. 
Fungi, insects, dust, corrosion, salt spray, exces- 
sive moisture, and extreme temperatures are 
harmful to most materials. 

b. Tropical Maintenance. A special moisture- 
proofing and fungiproofing treatment has been 
devised which, if properly applied, provides a 
reasonable degree of protection. This treatment 
is explained in TB SIG 13 and TB SIG 72. 

c. Winter Maintenance. Special precautions 
necessary to prevent poor performance or total 
operational failure of equipment in extremely low 
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temperatures are explained in TB SIG 66 and TB 
SIG 219. 

d. Desert Maintenance. Special precautions nec- 
essary to prevent equipment failure in areas 
subject to extremely high temperatures, low hu. 
midity, and excessive sand and dust are explained 
in TB SIG 75. 

e. Lubrication. The effects of extreme cold and 
heat on materials and lubricants are explained in 
TB SIG 69. Observe all precautions outlined in 
TB SIG 69. 


42. Rustproofing and Painting 


a. When the finish on the case or panel has been 
badly scarred or damaged, rust and corrosion can 


be prevented by touching up bared surfaces. Use 
No. 00 or No. 000 sandpaper to clean the surface 
down to the bare metal; obtain a bright smooth 
finish. Instructions for refinishing badly marred 
panels and cases are given in TM 9~2851. 

Caution: Do not use steel wool. Minute 
particles can enter the console and cause harmful 
internal shorting or grounding of circuits. 


b. When a touch-up job is necessary, apply 
paint with a small brush. Remove rust from the 
panels by cleaning corroded material with solvent 
(SD). In severe cases, it may be necessary to use 
solvent (SD) to soften the rust and to use sandpaper 
to complete the preparation for painting. Paint 
used will be authorized and consistent with existing 
regulations. 


Section IV. TROUBLESHOOTING AT ORGANIZATIONAL MAINTENANCE LEVEL 


43. General 


a. The troubleshooting and repair that can be 
performed at the organizational maintenance level 
(operators and repairmen) is necessarily limited 
in scope by the tools, test equipment, and replace- 
able parts issued, and by the existing tactical 
situation. Accordingly, troubleshooting is based 
on the performance of the equipment and the use 
of the senses in determining such troubles as 
burned-out tubes and cracked insulators. 

b. This section helps in determining which of 
the components is at fault and in localizing the 
fault in that component to the defective stage or 
item, such as a tube or a fuse. 


44, Visual Inspection 


a. Failure of this equipment to operate properly 
will be caused by one or more of the following 
faults: 

(1) Lack of paper in the paper roll. 

(2) Jammed-up paper in the recorder as- 
sembly. 

(3) Incorrect setting of the pinwheels that 
engage the paper, causing the paper to 
come out at an angle. 

(4) Overrunning clutch jammed. 

(5) Improperly connected data cable. 

(6) Worn, broken, or shorted leads in the 
data cable. 

(7) Burned-out fuses. 

(8) Defective tubes in the servo amplifiers. 

(9) Wires broken because of excessive vibra- 
tion. 

(10) Frayed, broken, or kinked ropes on the 
drive pulleys. 

(11) Badly damaged or corroded pulleys. 

(12) Servo amplifiers improperly seated. 

(13) Stylus worn down. 

(14) HEIGHT-FEET switch in wrong posi- 
tion (Azimuth-Elevation-Range Recorder 
RD-54/TP only). 


(15) Incandescent lamps out of position and 
jamming the paper. 

(16 Wires loose or disconnected on terminal 
boards. 

(17) Microswitches slipping out of adjust- 
ment. 

(18) Control transformers slipping out of 
adjustment. 

(19) Paper drive clutch not operating prop- 
erly. 

b. When failure is encountered and the cause is 
not immediately apparent, check as many of the 
above items as is practicable before starting a 
detailed examination of the component parts of 
the system. If possible, obtain information from 
the operator of the equipment regarding per- 
formance at the time trouble occurred. 


45. Troubleshooting by Using Equipment Per- 
formance Checklist 

a. General. The equipment performance check- 
list (par. 46) will help the operator to locate 
trouble in the equipment. The list gives the 
item to be checked, the conditions under which 
the item is checked, the normal indications and 
tolerances of correct operation, and the corrective 
measures the operator can take. When using 
this list, follow the items in numerical sequence. 

b. Action or Condition. For some items, the 
information given in the Action or condition 
column consists of various switch and control 
settings under which the item is to be checked. 
For other items, it represents an action that must 
be taken to check the normal indications given 
in the Normal indications column. 

c. Normal Indications. The normal indications 
listed include the visible signs that the operator 
should perceive when he checks the items. If 
the indications are not normal, the operator 
should apply the recommended corrective meas- 
ures. 


d. Corrective Measures. ‘The corrective meas- 
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ures listed are those the operator can make 
without turning in the equipment for repairs. 
If the set is completely inoperative or if the 
recommended corrective measures do not yield 
results, trouble shooting or mechanical overhaul 


46. Equipment Performance Checklist 




















on Item 
1c Dataranier couse ves 
2 | 115V AC ON-OFF switch 
8 | 115V AC servo amplifier 
switches. 
a 4| PAPER DRIVE MO- 
3 TOR switch. 
ro) 5 | PAPER DRIVE AUTO- 
a MATIC-MANUAL 
<i switch. 
fa 6/115V AC SERVICE 
<< switch. 
Ay 7 | PANEL LIGHTS switch. 
oa 8 | DIMMER control. _.__-_ 
fai 9 | GAIN control____.__._- 
Ay 
10 | DAMPING control_____ 
11 | C F SWITCHING con- 
trol. 
128 | SLEW switch__________. 
13 | HEIGHT FEET switch 
$203. 
14°)-115V AC SUPPLY 
| switch. 
a 15 | 115V AC servo amplifier 
font switches. 
< 
H 16 | PANEL LIGHTS switch_ 
mM 
7S SIV IVE Ree Seuss) bie ces es 


44 








Action or condition 





Plug of data cable con- 
nected to J504. 

Set at OFF position. 

Set at OFF position. 


Set at OFF position. 


Set at MANUAL posi- 
tion, 


Set at OFF position. 


Set at OFF position. 

Set at DIM position. 

Set at extreme ccw 
position. 

Set at midposition. 

Set at extreme cew 
position. 

Keep at normal posi- 
tion. 

Set at height position 
to be plotted. 


Turn to ON position__. 





Turn to ON position.._ 


Turn to ON position__- 


Turn to BRIGHT po- 
sition, 





is necessary. 





Normal indications 








Indicators I 301 and I 
302 will light. 


Indicator I 101 will 
light. 


Illuminates the plotting 
surface, 


Plotting surface illum- 
ination increases. 





However, if the tactical situation 
requires that the overall system be maintained, 
and if the equipment is not completely inoperative, 
the operator must maintain the set in operation 
as long as it is possible to do so. 


Corrective measures 





Check fuses F301, F302, 
and F303. 

Check wiring to switch 
$301. 

Check fuse F101. 

Check wiring to switch 
$102. 

Check fuse F201. 

Check wiring to switch 
$204. 

Check rheostat R201. 


prs 





CHAPTER 4 
THEORY 





Section I. OVERALL THEORY OF AZIMUTH-ELEVATION-RANGE RECORDER RD-54/TP AND 
AZIMUTH-ELEVATION-RANGE RECORDER RO-3/MPQ 


47. Block Diagram 


Figure 26 is a functional block diagram of Azi- 
muth-Elevation-Range Recorder RD-54/TP as a 
part of an overall system in which Radar Set 
AN/MPQ-10 (*) is used. Although the theory dis- 
cussion is based on Azimuth-Klevation-Range 
Recorder RD-54/TP, it is applicable to Azimuth- 
Elevation-Range Recorder RO-3/MPQ. Where 
differences between the two recorders exist they 
are pointed out in the discussion. 

a. Radar Set AN/MPQ-10 (*) is equipped with 
three pairs of synchro data generators (fig. 26). 
One pair of synchro data generators supplies the 
fine and coarse azimuth information; the second 
pair supplies the fine and coarse range information; 
and the third pair supplies the height information. 
This information is transmitted in the form of 
electrical signals through cable W702 to the 
recorder. 

b. At the recorder, the azimuth, range, and 
height signals are applied to their respective con- 
trol transformers. The azimuth coarse signal is 
applied to the azimuth coarse contro] transformer 
and the azimuth fine signal is applied to the azi- 
muth fine control transformer. Each control 
transformer generates a voltage, called an error 
voltage. The magnitude of the error voltage is 
related to the difference between the control trans- 
former’s rotor position and the rotor shaft position 
of the corresponding synchro generator in the 
radar set. (The theory of synchro transmission is 
discussed in detail in paragraphs 59 through 63.) 
The azimuth coarse and fine error voltages are 
transmitted to a servo amplifier. A switching cir- 
cuit in the servo amplifier determines which of the 
error voltages is to be amplified. The servo ampli- 
fier output then is fed to the servo motor. The 
servo motor rotates a shaft that drives the azi- 
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muth stylus and turns the rotors of the azimuth 
control transformers. When the rotors reach a 
position of zero error voltage output, the servo 
motor stops rotating. The azimuth stylus will 
be at a position corresponding to the azimuth in- 
formation received from the radar set. When the 
azimuth signal from Radar Set AN/MPQ-10 (*) 
changes, there is again an error voltage output from 
the azimuth control transformer. The rotors of 
the control transformers are turned to the new 
zero error-voltage output position; the azimuth 
stylus will move to a new position corresponding 
to the change in azimuth information. The func- 
tioning of the range channel is similar to that of 
the azimuth channel. 

c. The operation of the height channel in the re- 
corder is different from the operation of the range 
and azimuth channels. There are two height 
synchro generators in Radar Set AN/MPQ-10 (*). 
These are shown in figure 26 as solid line blocks. 
The broken line block around the height coarse 
synchro generator is used to indicate that only 
one synchro generator is found in Radio Set 
SCR-584-(*). Notice that only one control trans- 
former is energized when the recorder is used in 
conjunction with Radar Set AN/MPQ-10 (*). 
When in the MPQ 10 30000 position, the HEIGHT 
FEET switch connects the height coarse synchro 
generator to the height fine control transformer. 
When in the MPQ 10 7500 position, the HEIGHT 
FEET switch connects the height fine synchro 
generator to the height fine control transformer. 
The output of the height fine control transformer 
is fed to the servo amplifier. The servo amplifier 
output is fed to the servo motor. The servo motor 
rotates a shaft that drives the height stylus to a 
position corresponding to the height information 
received. The rotors of the fine and coarse con- 
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Section I. OVERALL THEORY OF AZIMUTH-ELEVATION-RANGE RECORDER RD-54/TP AND 
AZIMUTH-ELEVATION-RANGE RECORDER RO-3/MPQ 


47. Block Diagram 


Figure 26 is a functional block diagram of Azi- 
muth-Elevation-Range Recorder RD-54/TP as a 
part of an overall system in which Radar Set 
AN/MPQ-10 (*) is used. Although the theory dis- 
cussion is based on Azimuth-Klevation-Range 
Recorder RD-54/TP, it is applicable to Azimuth- 
Elevation-Range Recorder RO-3/MPQ. Where 
differences between the two recorders exist they 
are pointed out in the discussion. 

a. Radar Set AN/MPQ-10 (*) is equipped with 
three pairs of synchro data generators (fig. 26). 
One pair of synchro data generators supplies the 
fine and coarse azimuth information; the second 
pair supplies the fine and coarse range information; 
and the third pair supplies the height information. 
This information is transmitted in the form of 
electrical signals through cable W702 to the 
recorder. 

b. At the recorder, the azimuth, range, and 
height signals are applied to their respective con- 
trol transformers. The azimuth coarse signal is 
applied to the azimuth coarse contro] transformer 
and the azimuth fine signal is applied to the azi- 
muth fine control transformer. Each control 
transformer generates a voltage, called an error 
voltage. The magnitude of the error voltage is 
related to the difference between the control trans- 
former’s rotor position and the rotor shaft position 
of the corresponding synchro generator in the 
radar set. (The theory of synchro transmission is 
discussed in detail in paragraphs 59 through 63.) 
The azimuth coarse and fine error voltages are 
transmitted to a servo amplifier. A switching cir- 
cuit in the servo amplifier determines which of the 
error voltages is to be amplified. The servo ampli- 
fier output then is fed to the servo motor. The 
servo motor rotates a shaft that drives the azi- 
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muth stylus and turns the rotors of the azimuth 
control transformers. When the rotors reach a 
position of zero error voltage output, the servo 
motor stops rotating. The azimuth stylus will 
be at a position corresponding to the azimuth in- 
formation received from the radar set. When the 
azimuth signal from Radar Set AN/MPQ-10 (*) 
changes, there is again an error voltage output from 
the azimuth control transformer. The rotors of 
the control transformers are turned to the new 
zero error-voltage output position; the azimuth 
stylus will move to a new position corresponding 
to the change in azimuth information. The func- 
tioning of the range channel is similar to that of 
the azimuth channel. 

c. The operation of the height channel in the re- 
corder is different from the operation of the range 
and azimuth channels. There are two height 
synchro generators in Radar Set AN/MPQ-10 (*). 
These are shown in figure 26 as solid line blocks. 
The broken line block around the height coarse 
synchro generator is used to indicate that only 
one synchro generator is found in Radio Set 
SCR-584-(*). Notice that only one control trans- 
former is energized when the recorder is used in 
conjunction with Radar Set AN/MPQ-10 (*). 
When in the MPQ 10 30000 position, the HEIGHT 
FEET switch connects the height coarse synchro 
generator to the height fine control transformer. 
When in the MPQ 10 7500 position, the HEIGHT 
FEET switch connects the height fine synchro 
generator to the height fine control transformer. 
The output of the height fine control transformer 
is fed to the servo amplifier. The servo amplifier 
output is fed to the servo motor. The servo motor 
rotates a shaft that drives the height stylus to a 
position corresponding to the height information 
received. The rotors of the fine and coarse con- 
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Figure 26. Azimuth-Elevation-Range Recorder RD-54/TP and/or RO-3/MPQ complete block diagram. 
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trol transformers are turned until they are in a 
position of zero error voltage output. 

d. The recorder also can be used in conjunction 
with Radio Set SCR-584-(*). The operation of 
the azimuth and range channels with this arrange- 
ment is similar to the operation discussed in } 
above. However, the height channel in Radio 
Set SCR-584-(*) contains only one height synchro 
generator. This is indicated on the diagram by 
the broken line around the height coarse synchro 
generator and the broken line going to the re- 
corder. The output from this synchro generator 
is connected to the height fine control transformer 
in the recorder when the HEIGHT FEET switch 
is in the SCR 584 30000 position. The output of 
the height synchro generator is connected to the 
height fine control transformer in the recorder 
when the HEIGHT FEET switch is in the SCR 
584 7500 position. 

e. Azimuth-Elevation-Range Recorder RO-3/ 
MPQ is used in conjunction with Radar Set 
AN/MPQ-22. Radar Set AN/MPQ-22 is equip- 
ped with three pairs of synchro data generators 
which transmit fine and coarse azimuth, range, 
and height information. In Azimuth-Elevation- 
Range Recorder RO-3/MPQ the height channel 
functions the same as the azimuth and range 
channels. Full travel of the height stylus repre- 
sents 30,000 feet. 

jf. Three identical and interchangeable servo 
amplifiers are used in the recorder. One servo 
amplifier is used for the height, one for the range, 
and one for the azimuth information. The servo 
amplifiers are used to amplify the error voltages 
and convert them to power for the servo drive 
motor. 

g. The output of each servo amplifier is applied 
to a servo motor (fig. 26). The output of the 
servo motor is fed to a drive pulley through which 
the stylus is positioned (fig. 28). Three moving 
stylus carriage assemblies, corresponding to height, 
range, and azimuth data, and a fourth fixed stylus 
all trace lines on the moving paper to record the 
trajectory of the missile which the radar set has 
tracked. 

h. The paper drive motor clutch mechanism in 
the recorder unit may be controlled remotely at 
the associated radar set, or locally by an operator 
at the recorder unit. For remote control opera- 
tion, the PAPER DRIVE LOCAL switch, located 
on the power distribution panel (fig. 16), is placed 
in the OFF position, and the PAPER DRIVE 
switch, located on the control panel (fig. 18), is 
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placed on the AUTOMATIC position. For local 
operation, the PAPER DRIVE LOCAL switch is 
placed on the ON position, and the PAPER DRIVE 
switch is placed on the MANUAL position. 


48. Height Servo Channel (Azimuth-Elevation- 
Range Recorder RD-54/TP) 


a. Figure 27 illustrates a servo system consisting 
of a synchro generator and a control transformer. 
Power, 115-volt alternating current (ac), is con- 
nected to the rotor of the synchro generator in 
the radar set. As the shaft on which the rotor is 
mounted is rotated, a varying voltage is induced 
in the stator coils (S1, $2, and $3). This voltage 
(the signal voltage) is transmitted to the recorder 
where a voltage is induced in the stator coils of 
the control transformer. Each control transformer 
generates an error voltage that is proportional to 
the cosine of the angular difference between its 
rotor shaft position and the rotor shaft position 
of the corresponding synchro generator in the 
radar set. For example, if the rotors are 9U° 
apart, the error voltage is zero. If the rotors are 
in line, the error voltage is maximum. 

b. To obtain high plotting accuracy, information 
is supplied to the servo amplifiers as coarse error 
voltages and fine error voltages. The three pairs 
of control transformers in the recorder supply 
these error voltages. When a large change occurs 
between the rotor positions of the coarse control 
transformer and the corresponding synchro genera- 
tor, a high coarse error voltage is generated. 
When the servo unit is closely following the motion 
of the synchro generator of the radar set, the coarse 
error is small and the fine error voltage is used to 
keep the servo unit tracking with the fine synchro 
generator of the radar set. Included as an integral 
part of each servo amplitier is a coarse fine switch- 
ing circuit. The selection of coarse or fine error 
signals in the servo amplifier is performed by V101 
and K101 (fig. 62). 

c. The height servo channel of the recorder 
differs from the azimuth and range channels in 
that it receives and records only single speed 
synchro information. The two control trans- 
formers on the height servo gearbox function to 
permit the change of the recorder plotting scale; 
they do not function as fine and coarse synchro 
data inputs to the servo amplifiers. The selection 
of control transformer B604 or B605 (fig. 58) to 
be energized is made by HEIGHT FEET switch 
$203. Control transformer B605, labeled fine, 
is energized in the MPQ10 7500, MPQ10 30000, 
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Figure 27. Electrical system coupling. 


and SCR584 30000 positions of S203. Control 
transformer B604, labeled coarse, is only energized 
in the SCR584 7500 position of 5203. 

d. In the MPQ10 7500 position of S203, B605 
receives data at 7,500 feet per revolution from a 
synchro transmitter in Radar Set AN/MPQ-10(*). 
In the MPQ10 30000 position of S203, B605 
receives data at 30,000 feet per revolution from 
another synchro in the radar set. In the SCR584 
30000 position of S203, B605 receives data at 
30,000 feet per revolution from the height synchro 
transmitter in Radio Set SCR-584-(*). B605 is 
veared to the height plotting stylus so that 1 
revolution of B605 moves the height stylus over 
the full recorder scale (to the extreme left). Thus, 
when B605 receives height data at 7,500 feet per 
revolution from Radar Set AN/MPQ-10(*), the 
height stylus will travel to the extreme left of the 
scale for a 7,500-foot high position. The 7,500- 
foot height scale on the plotting aid is used to read 
data from this height plot. However, when B605 
receives data at 30,000 feet per revolution from 
Radar Set AN/MPQ-10(*) or Radio Set SCR- 
584—(*), B605 turns only one quarter of a revolu- 
tion, causing the height stylus to cover only one 
quarter of its full travel toward the left. The 
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30,000-foot height scale on the plotting aid is used 
to read data from this height plot. 

e. Control transformer B604 is used only in the 
SCR584 7500 position of the HEIGHT FEET 
switch. In this position, full travel of the plotting 
stylus*must represent 7,500 feet. Since there is 
only one height synchro transmitter in Radio Set 
SCR-584-(*) which transmits at 30,000 feet per 
revolution, B605 cannot be used to drive the 
plotting stylus. B604, however, is geared to the 
plotting stylus so that one quarter of a revolution 
moves the stylus full scale. Thus, when the 
HEIGHT-FEET switch is in the SCR-584 7500 
position B604 is energized by data from Radio Set 
SCR-584-(*) at 30,000 feet per revolution, one 
quarter of a revolution of B604 will move the 
stylus full scale and 7,500 feet. The 7,500-foot 
height scale on the plotting aid is used to read 
data from this height plot. 

f. SLEW switch S202 disconnects the height 
servo amplifier from its control transformer and 
applies a constant 6.3 volts from the secondary of 
T201 (fig. 58). The 6.3 volts is phased to drive 
the plotting stylus to the zero reference line and 
is used to slew the stylus to true position when 
changing the plotting from a 7,500-foot. to a 
30,000-foot scale. 
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11. Self-alining roller bearing (0604) 

12 Azimuth drive pulley bearing support (A605) 
13 Azimuth drive pulley 

14 Range drive pulley bearing support (A606) 
15 Range drive pulley 

16 Height drive pulley bearing support (A604) 
17. Rear height drive pulley 

18 Front height drive pulley 

19 Pulley bracket assembly 

20 Pulley assembly 

21 Pulley assembly 


Figure 28. Stylus assembly drive system. 


49. Azimuth Sector Switching Circuit 


The azimuth sector switching circuit, consisting 
of microswitches S601 and S602 (fig. 48) and 
relay K401 (fig. 58), is designed to permit the 
plotting of 6,400 mils of azimuth variation on the 
plotting scale, which is 3,200 mils wide. To plot 
6,400 mils, the variation from 0 to 3,200 mils is 
plotted from right to left starting at the zero refer- 
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ence line. When the stylus reaches the 3,200-mil 
position, the azimuth sector switching circuit acts 
to slew the stylus back toward the zero reference 
line where the plot from 3,200 plus mils is con- 
tinued, again from right to left, to 6,400 mils. 
If the sector switching circuit is adjusted properly, 
no more than 45 mils of azimuth plot will be lost 
between the time the circuit is actuated at the 


3,200-mil point (left end of the plotting scale) 
and the stylus takes up its new position at 3,200 
plus mils on the right end of the plotting scale. 

a. As the plotting stylus passes the 3,200-mil 
scale position (left end of the plotting scale), 
microswitch S601 is closed, energizing relay K401 
(fig. 58) which reverses the coarse control trans- 
former B602 rotor output leads. Momentarily, 
this action has no effect, since the fine control 
transformer B603 is in control of the azimuth 
servo. Effectively reversing the rotor leads 
changes the position of the rotor from the stable 
to the unstable null position. These null positions 
occur for every 180° of rotor rotation (3,200 mils 
of pen displacement). 

b. Fine control transformer B603, still in control 
of the servo, drives the azimuth stylus until the 
mechanical azimuth stop (%2 inch beyond the 
3,200-mil scale position) is reached. When the 
stylus motion stops, the error voltage increases 
to the point where the coarse control transformer 
output voltage is large enough to take over control 
of the azimuth servo. When this output voltage 
takes control of the servo, it drives the servo 
away from its unstable null position to the stable 
null position, driving the stylus back across the 
plotting scale to the 3,200 plus mil point of stable 
null, where the fine control transformer once again 
takes control of the servo. The fine error voltage 
continues to drive the stylus to the 6,400-mil 
point. 

c. Microswitches S601 and S602, located below 
the azimuth drive pulley (fig. 48), are positioned 
so that they are closed whenever the azimuth 
stylus reaches either end of the recorder scale. 
When they close, they energize K401, a sequential 
type relay which, when momentarily energized, 
changes its contact positions and maintains the 
new position until it is again energized. If the 
stylus sticks at the end of its travel, limit switch 
S601 or S602 would remain closed, thus causing 
relay K401 to remain energized. Heavy current 
would result which would damage the relay. To 
prevent this, voltage-dropping resistor R401 is 
placed in series with the relay by a switch contact 
whenever the relay becomes energized. 


50. Servo Motor 
(fig. 58) 


The electrical input to the servo motor (B608, 
B609, or B610) is made up of two separate voltages: 
one main field voltage and one control field voltage. 
The main field voltage is 115 volts, 60 cycles per 
second (cps) and is supplied by the power source 
for the recorder. The control field voltage is the 
60-cps varying output voltage of the servo ampli- 
fier. The amplitude of the control field voltage is 
determined by the 60-cps error voltage input to 
the servo amplifier multiplied by the overall gain 
of the servo amplifier. 

a. The dual voltage supply to the motor is 
necessary because the servo motor is a two-phase 
ac induction motor. The servo motor consists of 
a squirrel-cage type rotor and two stator windings 
spaced 90° electrically from each other. The 
rotor is made up of heavy conducting bars set 
into armature slots and shorted by conducting 
rings at the bar ends. The voltages fed to the 
stator windings must be 90° out of phase elec- 
trically. The 90° phase difference plus the effect 
of the 90° spacing of the windings results in a 
rotating magnetic field. The rotating field induces 
a voltage in the rotor by transformer action. The 
low resistance of the heavy rotor conducting bars 
permits large currents to circulate in the bars, and 
the large currents produce magnetic fields around 
the rotor. The interaction of the rotating 
magnetic field of the stator and the magnetic field 
around the rotor causes the rotor to turn. 

b. This type of motor is used because it has 
fast starting and stopping characteristics and 
develops maximum torque when the rotor is 
stationary. These properties are desirable as a 
source of driving power for the stylus drive 
system. 

c. The mechanical output of the servo motor is 
divided into two components. The first. com- 
ponent provides the motive power to the stylus 
assembly. The second component, called the 
servo follow-up, is coupled to its associated control 
transformer and drives the control transformer to 
a position of zero error volts output. At this 
point, the radar shaft position is duplicated by 
the stylus position. 
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Section Il. THEORY OF ELECTRONIC CONTROL AMPLIFIER AM-489/TP (SERVO AMPLIFIER) 


While reading the theory of the Electronic Control Amplifier AM-489/TP (servo amplifier), refer 
frequently to the complete schematic diagram (fig. 62), the block diagrams (figs. 29 and 31), and the 


functional diagrams (figs. 30, 32, 33, and 34). 


51. General 


The servo amplifier has two signal inputs: fine 
error voltage and coarse error voltage. The 
selection of the error voltage to be amplified is 
performed by V101, K101, and $101 (fig. 33); 
the setting of C F SWITCHING control R-22 
determines which voltage controls the servo 
amplifier at any instant. The servo amplifier 
also has a notched network (fig. 32) at the input 
to the first amplification stage. This network 
provides increased amplifier gain when the servo 
motor tends to lead or lag the radar synchro data 
generator by an excessive amount. A 115-volt 
60-cps power source is applied to the primary of 
the power transformer (fig. 34). The secondary 
of the power transformer has three secondary 
windings; one supplies the filament power for 
the amplifier tubes; a second supplies filament 
power to the full-wave rectifier; and the third 
supplies plate voltage for the full-wave rectifier. 
Plate voltages for the tubes in the servo amplifier 
are supplied by the full-wave rectifier. The 
servo-amplifier output drives the servo motor. 


52. Fine Error Input 


A fine error voltage is produced by a difference 
in angular shaft position between the fine control 
transformer on the servo unit and the fine synchro 
generator at the radar set. This fine error voltage 
is applied to terminals 3 and 10 (fig. 62) of the 
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servo amplifier. Terminal 10 is connected to the 
B minus ground in the servo amplifier. Terminal 
3 is connected to fixed contact 4 of relay K101. 
With the relay in the de-energized position as 
shown in figure 62, terminal 5 of the relay is con- 
nected to relay terminal 4. 


53. Notch Network 


The notch network (fig. 32), a stabilization 
circuit, minimizes overshooting or lagging by the 
servo motor as it follows the radar synchro data 
generator. 

a. The ac error voltage input, from relay K101 
(terminal 5), is coupled through C102, appears 
across R102, and is applied to the notch network 
made up of R103, C103, R101, and C112. The 
notch network produces an increased signal voltage 
to the grid of V102A when the servo motor tends 
to lead or lag the radar synchro data generator 
by an increasing or decreasing shaft angle. When 
the servo motor shaft angular error is constant 
(the normal condition when the servo motor 
shaft is tracking accurately the radar synchro 
data), only the normal 60-cps output voltage 
is developed by the synchro control trans- 
former and applied as input signals to the 
servo amplifier. This 60-cps error signal is atten- 
uated by the notch network. When the servo 
motor shaft tends to lead or lag the radar synchro 
data generator shaft because of an instantaneou 
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Figure 29. Electronic Control Amplifier AM-489/TP (servo amplifier), block diagram. 
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Figure 30. Power amplifier, functional diagram. 
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Figure 81. D-c power distribution, block diagram, 


change in the rate of tracking, an abnormal shaft 
angle error exists between the servo motor and 
the radar synchro data generator shafts. At this 
time, the normal 60-cps control transformer output 
is modulated by error variations so that the control 
transformer output now contains error voltage 
side bands. The side bands are amplified to a 
greater extent than the normal 60-cps voltage 
because the notch network attenuates them to a 


lesser degree than it does a 60-cps signal. This 
boosted amplifier output is applied to the servo 
motor to accelerate or decelerate its normal shaft 
rotation, whichever is required to track accurately 
the rotation of the radar synchro generator sha‘t 
again. 

b. The notch network values of the resistance 
and capacitance are chosen so that error variation 
components of the control transformer output will 
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Figure 33. Coarse-fine switching, functional diagram. 


be attenuated less than the normal 60-cps compo- 
nent. Potentiometer R101 is connected as a 
rheostat to tune the notch network to 60 cps; this 
will provide the full effect of the notch network on 
error variation components both above and below 
60-cps. Potentiometer R101 is called the 
DAMPING control, and it controls the sensitivity 
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of the entire servo loop to instantaneous changes 
in the rate of tracking. Resistor R104 limits the 
flow of grid current to a safe value on the positive 
half-cycles of a high-value input signal. Resistor 
R106 is a cathode-biasing resistor to provide 
operating bias for V102A and V102B. - The 
V102B triode has its grid grounded and serves to 
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Figure 34. Power supply, functional diagram. 


stabilize the de bias developed across R106, and 
thereby holds the gain factor of V102A constant 
regardless of the high plate current flow which a 
high-value input signal would produce through 
V102A. 


54. Error Voltage Amplification 


The amplified output of tube V102A is developed 
across the V102A plate load resistor R108 (fig. 32). 

a. Clll and R111 form a decoupling network 
for the plate circuits of both sections of V102 and 
act to prevent any of the signal component in the 
plate current of these tubes from flowing in the 
common B plus lead and being applied to other 
amplifier tubes. The V102A output signal voltage 
is coupled through C104 and appears across R109 
(fig. 30). R110 limits the flow of grid current in 
V103A to a safe value on the positive half-cycles 
of a high-value input signal. 

b. R109 is the GAIN control for the entire servo 
amplifier. The setting of the arm of R109 deter- 
mines what portion of the signal voltage developed 
across R108 is applied to the grid of V103A for 
amplification. 

c. The output voltage of tube V103A is devel- 
oped across plate load resistor R113. This output 


voltage then is coupled through capacitor C105 to 
resistor R115. The voltage across R115 is the 
input signal voltage for tube V104. 


55. Phase-Inversion Stage 


The grid of the phase inverter Vi03B is con- 
nected to ground (fig. 30) ; the cathode is connected 
to ground through R112. Any signal voltage 
which appears across R112 due to the conduction 
of V103A thus is applied to V103B (operating as a 
grounded-grid amplifier) as an input signal voltage. 
A signal voltage which is a portion of the total 
output of V103A appears across resistor R112. 
This signal voltage is proportional to the plate 
output of V103A, but inverted in phase. The 
output of V103B is developed across the plate-load 
resistor R114. It is inverted in phase and equal 
to the output of V103A. The equality of output 
is achieved by the choice of the plate-load resistor 
values for the two vacuum tubes, by the signal 
voltage degeneration for V103A which occurs 
across the common cathode resistor R112, and by 
feedback from the plate of V104 through resistor 
R118. There are equal signal voltages of opposite 
phase across resistors R114 and R113. These 
equal but phase-inverted voltages are coupled to 
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the grids of V104 and V105 through networks 
comprised of capacitor C105 and resistor R115, 
and capacitor C106 and resistor R116, respectively. 


56. Power Amplifier 
(fig. 30) 


Tubes V104 and V105 are operated as push-pull 
class AB1 amplifiers; the primary winding of 
transformer T101 serves as the plate load for both 
tubes. R117 is a common cathode resistor across 
which the bias voltage for V104 and V105 is 
developed. The voltage for the screen grids of 
V104 and V105 is reduced from the B-plus value 
by the voltage drop across dropping resistor R123. 
Capacitor C107 serves as a tuning capacitor that in 
combination with the inductance of the T101 
primary forms a circuit which attenuates har- 
monics of 60 cps. Terminal 5 of the T101 second- 
ary is connected to ground to prevent the build-up 
of dangerously high voltages in the secondary if the 
motor terminal should become disconnected from 
the transformer. 


57. Coarse-Error Input 
(fig. 33) 


The complete step-by-step sequence of fine error 
voltage amplification thus has been traced. The 
amplification of coarse error voltage is similar but 
has one added amplifier stage involved in the 
process. 

a. Terminal 9 of the coarse error input voltage is 
connected to the common ground; terminal 11 is 
coupled through C110 to the C F SWITCHING 
potentiometer R122. One terminal of R122 is con- 
nected to ground to complete the circuit for the 
coarse error input voltage. 

b. When the SYNCHRO DATA SINGLE- 
DUAL switch (S101) (fig. 33) is in the DUAL 
position, that portion of the coarse error voltage 
which exists between the arm of potentiometer 
R122 and ground is applied as an input signal 
through R121 to the grid of tube V101B. Resistor 
R121 serves as a grid-limiting resistor for the 
V101B triode. The V101B triode is unbiased; 
therefore, it serves as a half-wave rectifier for the 
voltage applied to it; a half-wave voltage with a de 
component exists on the plate as a result of the 
rectification of the coarse error voltage. Plate 
current from V101B flows through R105; this 
resistor acts as a plate-load resistor. The de 
operating plate voltage for tube V101B is derived 
from the voltage drop across R117, the bias resistor 
common to tubes V104 and V105 (fig. 30). 
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c. Resistor R105 is connected so that the voltage 
across it is the input signal voltage to VI0IA. 
With no signal fed to tube V101B, R105 produces 
sufficient bias on tube V101A to cause plate current 
cutoff. The positive portion of the rectified wave 
on the grid of V101A decreases the bias on this 
tube and causes current to flow through relay 
K101. The dc operating plate voltage for V101A 
is taken from the filter output at R119 in the 
power supply through the coil of relay K101. 


d. When the coarse error voltage applied to the 
grid of tube V101B (fig. 33) is of sufficient ampli- 
tude (as determined by the position of the C F 
SWITCHING control R122 and the amplitude of 
the coarse error) to cause a current of 2 ma to flow 
through tube V101A and the relay coil, this 2-ma 
current will activate the relay and cause the two 


gets of contacts (4, 5, 6 and 1,-2, 3) to swing to the 


COARSE position. Moving contact 5 then will 
apply the coarse error voltage through the notch 
network to V102A for amplification; moving con- 
tact 2 will cause COARSE indicator light E102 to 
glow and thus indicate to the operator that the 


servo amplifier and the servo motor are being 


actuated by a coarse error voltage. 

e. Control of the servo amplifier by coarse 
error voltage produces rotation of the servo drive 
motor in such a direction as to reduce the ampli- 
tude of the coarse error voltage. Reduction of 
coarse error input voltage to a predetermined 
value reduces coil currents in the relay coil; the 
relay opens and causes contacts 5 and 2 to move 
and close the circuits to fixed contacts 4 and 1 
respectively. Closing of contacts 4 and 5 connects 
fine error input voltage to coupling capacitor 
C102, and fine error input voltage then is applied 
to the notch network and V102A (the first ampli- 
fication stage of the amplifier). The fine error 
voltage is amplified by the complete servo amplifier 
to provide motive power to the servo motor. 
Closing of contacts 2 and 1 connects the green or 
FINE indicator lamp E103 to the 6.3-volt winding 
of power transformer T102 to indicate that fine 
error voltage is now the signal source to the 
servo amplifier. 


58. Power Supply 
(fig. 34) 


The power requirements of the servo amplifier 
filament and plate circuits, as well as the power 
for the main field of the servo motor, are derived 
from the power supply section of the servo 


amplifier (fig. 62), The power supply section 
consists of 115V AC ON-OFF switch $102, 
pilot lamp E101, fuse F101, power transformer 
T102, full-wave rectifier tube V106, resistors 
R119 and R120, and filter capacitors C108 
and C109. 

a. The 115V AC ON-OFF switch $102 is a 
two-pole switch which connects or disconnects a 
single-phase, 115-volt, 60-cycle power source to 
the primary winding of transformer T102 and the 
main field winding of the servo motor. One leg 
of switch $102 is connected through fuse F101, so 
that all current drawn by the power transformer 
and the main field winding of the servo motor 
passes through the fuse. The 115-volt power- 
line-fed winding of the servo motor and the 
primary winding of T102 are connected in parallel 
across the output terminals of the 115V AC 
ON-OFF switch so that switch closure energizes 
both of them. The high-voltage secondary wind 
ing, terminals 3 and 8, has an ac output of 700 
volts at .07 ampere, or 350 volts from either 
outer terminal to the center tap. Terminal 4 is 
the electrical center tap between the two outer 
terminals 3 and-8 of the transformer high-voltage 
winding, and is the common ground and B minus 


point for the servo amplifier. The outer terminals 
3 and 8 of T102 are connected to the plates of 
V106, a 5Y3GT full-wave rectifier tube. The 
full-wave rectified output is obtained between 
V106 pin 8 and ground. V106 pin 8 is the positive 
terminal of this voltage. This output is a de 
voltage with a 120-cycle ripple component. 
Filament heating power for V106 is obtained 
from terminals 11 and 12 (a secondary winding of 
transformer JT102) which deliver 5 volts at 
3 amperes. 

b. The d-c output is applied to an RC filter 
network consisting of R119 and C108. The 
filtered d-c voltage present across C108 is a 
source of plate and screen-grid voltage for V104, 
V105, and V101. The d-c voltage across C108 is 
applied to an additional filter network, consisting 
of R120 and C109. The filtered de present 
across capacitor C109 then is used as a source of 
plate voltage for V102 and V103. All the sources 
of tube plate and screen-grid voltage are positive 
with respect to ground. The third winding 
(terminals 5 and 10) on the power transformer 
provides 6.3 volts at 2.5 amperes for the filaments 
of all the servo amplifier tubes, except V106, and 
for the three indicator lights on the servo amplifier, 


Section III. THEORY OF SYNCHRO TRANSMISSION 


59. General 


A synchro is an ac device used to convert 
mechanical rotor shaft angles to an electrical 
signal or vice versa. It is used in combination 
with similar devices for the transmission of angular 
position data. Complete synchro systems are 
made up of combinations of synchro generators 
(called transmitters) which transmit three voltages 
to one or more synchro motors (called receivers) 
or synchro control transformers. They are used 
for the transmission and reception of angular 
shaft-position data. Paragraphs 60 through 63 
cover briefly the theory of synchro transmission. 
For a more complete and detailed coverage of the 
theory of synchro transmission, refer to TM 
11-674/TO 161-277. 


60. Generator and Control Transformer Systems 


A complete synchro system may be made up of 
a synchro generator and a synchro control trans- 
former. This type of system (fig. 35) is used to 
produce an output voltage when the angular shaft 
or rotor positions of the generator and control 


transformer are not at right angles. . If the shaft 
positions change from the 90° difference position, 
the control transformer shaft is said to be in error 
and, therefore, the voltage output from the control 
transformer is called an error voltage. This error 
voltage will be generated as long as the control 
transformer shaft and the generator shaft are not 
90° apart. The control transformer will not 
exert a torque which would tend to return the 
rotor to the zero error voltage output position. 
This must be done by some force external to the 
control transformer if the error voltage is to be 
reduced to zero. ‘This function is performed by 
a servo motor. 


61. Synchro Generator 


A synchro generator has a rotor with two salient 
poles and one winding of fine wire. The winding 
ends are brought to two slip rings at one end of the 
rotor, and connection to the winding is made 
through brushes resting on the slip rings. These 
brush terminals are marked R1 and R2 on the 
diagrams.’ The synchro generator stator is cy- 
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Figure 35. Control transformer used to compare two rotor shaft motions. 


lindrical and slotted, and it carries three similar: 


windings, each distributed in several slots. The 
three stator windings may be connected together 
in the same manner as the synchro control 
transformer, in either a wye or delta arrangement. 
These terminals are marked S1, S2, and S3 (fig. 36). 


62. Synchro Control Transformer 


The synchro control transformer has a stator 
similar to that of the synchro generator, except 
that the control transformer windings have more 
turns of finer wire. The control transformer 
rotor is cylindrical and has a single winding of a 
large number of turns of very fine wire. The ends 
of the winding are brought out to a pair of slip 
rings, and a pair of stationary brushes rest on the 
slip rings. The stator winding terminals of the 
control transformer are designated S1, $2, and S3; 
the rotor terminels are designated as R1 and R2 
(fig. 36). 
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Figure 36. Synchro control transformer. 


63. Theory of System 


a. In a system consisting of a synchro generator 
and a synchro control transformer, generator 
terminals R1 and R2 are connected to a source of 
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115 volts, 60 eps. Generator terminals S1, S2, 
and S3 are connected to the corresponding ter- 
minals of the control transformer. Control trans- 
former terminals R1 and R2 are the source of the 
output error voltage of the system. 

b. The control transformer operates as a 
single-phase transformer with three stationary 
primary windings and a movable secondary 
winding. 

c. When the position of the generator shaft 
changes from the 90° position, the stator voltages 
on the control transformer produce currents in the 
stator coils which establish a magnetic flux in the 
control transformer. For example, if the genera- 
tor rotor angle, with respect to some reference 
line, is 30°, a corresponding magnetic flux is pro- 
duced in the control transformer at the same 
angle (60°, position 1, fig. 35). When the gen- 
erator rotor is rotated clockwise 15° to position 2, 
a corresponding magnetic flux angle shift of 15° is 
produced in the control transformer stator, and a 
60-cps error voltage whose amplitude and phase 
correspond to a flux angle of 15° is obtained at 
the control transformer rotor terminals. 


d. If the generator rotor is rotated counter- 
clockwise to produce the same flux angle of 15°, 
but in the opposite direction (position 3), the 
60-cps error voltage output from the control trans- 
former will be equal in amplitude to the first 
voltage, but 180° out of phase (fig. 37). The 
value of the voltage induced in the rotor of the 
control transformer depends on the rotor position 
relative to the flux. No 60-cps error voltage out- 
put is secured if the magnetic axis is perpendicular 
to the flux (position 1, fig. 35); maximum voltage 
output is produced when the axes are parallel. 
The positive or negative initial swing of the 60-cps 


output error voltage is determined by the clock- 
wise or counterclockwise rotation of the stator 
flux with respect to the rotor coil magnetic axis 
(fig. 37). 
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Figure 87. Relation of error signal to line voltage and error 
angle. 


e. In a synchro system consisting of a synchro 
generator and a synchro control transformer, some 
means of external power is used to rotate the con- 
trol transformer shaft so that the control trans- 


former output voltage is zero or a small constant 
60-cps voltage. Normally, when good tracking is 
performed, a constant 60-cps voltage output exists 
which has an amplitude that is proportional to 
the angular difference between the generator shaft 
and the control transformer shaft. When, how- 
ever, the generator either accelerates or deceler- 
ates because of a change in the rate of travel of 
the object being tracked, a new condition exists 
in the control transformer. The stator flux and 
the rotor magnetic axis will now be at some other 
than normal flux angle, and the normal 60-cps 
output voltage will be modulated so that, in addi- 
tion to the normal 60 cps, there will be side bands 
of the 60-cycle frequency. As the control trans- 
former shaft is accelerated or decelerated to track 
the new motion of the generator shaft, the side 
band components will be reduced; only the nor- 
mal 60-cps output will be present when the con- 
trol transformer shaft motion is again in track 
with the generator. The notch network of the 
servo amplifier permits higher-than-normal ampli- 
fication of 60-cycle side bands, so that the servo 
motor will have the increased power to accelerate 
or decelerate to move the stylus in track with the 
missile being tracked by the radar set. 
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CHAPTER 5 
FIELD MAINTENANCE INSTRUCTIONS 


Note. This chapter contains information for field maintenance. The amount of repair that can be performed by 
units having field maintenance responsibility is limited only by the tools and test equipment available, and by the skill 


of the repairmen. 


I 


Section I. 


64. Scope 


a. This chapter contains maintenance instruc- 
tions applicable to only two of the three main 
components of the recorder; the Electronic Con- 
trol Amplifier AM--489/TP (servo amplifier) and 
the console assembly (fig. 3). 

b. The third component of the equipment is 
the recorder assembly. Because of the accuracy 
requirements of this component and the specialized 
test equipment necessary for adjustment, no 
repair of mechanical parts should be attempted 
by anyone except specifically qualified repair 
personnel. Chapter 6 contains complete detailed 
overhaul instructions for the recorder assembly. 
The recorder can be damaged seriously by im- 
proper disassembly or incorrect alinement. 


65. Troubleshooting Procedures 


The first step in servicing a defective recorder 
is to sectionalize the fault. Sectionalization means 
tracing the fault to the major component respon- 
sible for the abnormal operation of the equipment. 
The second step is to localize the fault. Localiza- 
tion means tracing the fault to the defective part 
responsible for the abnormal condition. Some 
faults that may occur in the servo amplifier, such 
as burned-out resistors, arcing, and shorts, often 
cap be located by sight, smell, and hearing. The 
majority of faults, however, must be localized by 
checking voltage and resistance. 

a. System Sectionalization. 

(1) Sectionalization means determining 
whether the fault is of an electrical or 
a mechanical nature. If the failure 
appears to be mechanical—that is, a 
fault in the recorder assembly—no field 
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maintenance can be applied. The equip- 
ment should be turned over to qualified 
overhaul personnel, who will apply the 
procedures discussed in chapter 6. If 
the fault is electrical, proceed with repair 
of the servo amplifier. 

(2) If it cannot be determined immediately 
whether the malfunction is electrical or 
mechanical, refer to paragraphs 45 and 
46, and follow the procedures outlined in 
the equipment performance checklist. 


b. Localization Within Electronic Control Am- 
plifier AM-489/TP (Servo Amplifier). The tests 
listed in (1) through (6) below aid in isolating 
the source of the trouble. To be effective, follow 
the procedure in the order given. Remember that 
the servicing procedure should cause no further 
damage to the servo amplifier. First, trouble 
should be localized to a single stage or circuit. 
The trouble then may be isolated within that 
stage or circuit by appropriate voltage, resistance, 
and continuity measurements. 


Note. When troubleshooting any of the three servo 
amplifiers (Electronic Control Amplifier AM-489/TP), 
use the test cable (fig. 38) to connect the servo amplifier 
to the connector in the console assembly. This permits 
operation of the servo amplifier out of its rack for test 
purposes. 


(1) Visual inspection. The purpose of visual 
inspection (par. 44) is to locate any 
visible trouble. Through this inspection 
alone, the repairman frequently may 
discover the trouble or determine the 
stage in which the trouble exists. This 
inspection is valuable in avoiding addi- 
tional damage to the servo amplifier 


PIO} 


SERVO 
AMPLIFIER UNDER TEST 





TM5534-36 


Figure 38. Electronic Control Amplifier AM-489/TP (servo amplifier), with test cable connected. 
which might occur through improper (3) Operational test. The equipment per- 
servicing methods, and in forestalling formance check list (par. 46) frequently 
future failures. will indicate the general location of 
(2) Input resistance measurements. Before trouble. 

applying power to the unit, make a cir- (4) Troubleshooting charts. The trouble 
cuit resistance check at the points speci- symptoms listed in this chart (par. 69) 
fied in figures 39 and 40. If the re- will aid greatly in localizing trouble. 
sistance readings are abnormal, locate (5) Signal substitution. The signal sub- 
and replace the faulty circuit com- stitutions checks (par. 70) can be of 
ponents. 


further aid in localizing the trouble. 


61 


ZE- vESSML 


-wosborp a9unjsisa. pun abpy0a yayo0s-aqn) ‘(4ayfudwun oasas) FL /687-NV eYydumy j04U0D su0LpAIT “6S aunbr gy 


S31VH3dO 101M AVIS © 


UYBL3W LIOA Y3d-WHO 000'02 V HLIM ONNOND 


OL G3SYNSV3NW SZONVLSISSY GNV ZOVIIOA © 


3NIN MO138 SONIGVSY JONVISIS3Y 
3NIT BAO8V SONIGV3H 3OVLIOA 


NOILOSNNOD ON S3LVOIGNI ON * 


199A9 
vOIA 
y3IsITdNVY Y3MOd 


199A9 
SOIA 
y3IsIIdWY Y3MOd 


oa ASZE 
ON 


L9EAS 
9OIA 
y3IsiLO3y 
SAVM-11N4 


NOILISOd MOD 3W3HNLXA 1V TONLNOD NIVD 4} 
NOILISOd 3ONVYGIN lv TONLNOD ONIdWvGd ® 
NOILISOd MOD S3WAYLX3 JONLNOD ONIHOLIMS 39 P 
Jwnd iV HOLIMS ViVO OYHONAS 9 

NO HOLIMS 3V ASIII @ 

Q3iddv (9V ASHI) Y3MOd © 

A 


‘HLIM JOVW SINAN3ZYNSV3W 39VLIOA | 


L9ML1S9 LOMLIS9 
EOIN ZOIA 
YSLYZANI 3SVHd TOYLNOD NIVS 
Y3ISIIGWV 3NVLIOA YBISIIDWY JOVLTIOA 


ooo! 
od AOI! 


90 ASS! 


O0O'e! JONVLSISSY J 90 AStI 
09 AvTay L 2 


LOMLNSY 
1O1A 
yalsIIdWV 


HOLIMS 49 





iNOud 


62 


Figure 40. Electronic Control Amp 
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lifier AM-489/TP (servo amplifier), terminal board voliage 
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(6) Intermittents. In all these tests, the 
possibility of intermittents should not be 
overlooked. If present, this type of 
trouble often may be made to appear 
when the servo amplifier is tapped or 
jarred. It is possible that the trouble is 
not in the servo amplifier itself, but in 
the console connectors (J501, J502, and 
J503) or in the console connector wiring. 


66. Troubleshooting Data 


Take advantage of the material supplied in this 
manual. It will help in the rapid location of 
faults. Consult the illustrations listed in the 
table below when troubleshooting Electronic 
Control Amplifier AM-489/TP. 





Fig. rit Description 


——]- 


39 ; Electronic Control Amplifier AM-—489/TP (servo 
amplifier), tube-socket voltage and resistance 
diagram. 


40 | Eleetronie Control Amplifier AM-489/TP (servo 
amplifier), terminal-board voltage and resistance 
| diagram. 
41 | Electronic Control Amplifier AM-489/TP (servo 
| amplifier), top view of chassis. 
42 Electronic Control Amplifier AM-489/TP (servo 


amplifier), under-chassis wiring. 

56 | Resistor color codes. 

57 | Capacitor color codes. 

58: Azimuth-Elevation-Range Recorder RD-54/TP, 
schematic diagram, 

Azimuth-Elevation-Range Recorder RO-3/MPQ, 
schematic diagram. 

! Azimuth-Elevation-Range Recorder RD-54/TP, 

| wiring diagram. 

61 | Azimuth-Elevation-Range Recorder RO-3/MPQ, 

| wiring diagram. 

62° Wlectronie Control Amplifier AM-489/TP (servo 

amplifier), schematic diagram. 

63 | Electronic Control Amplifier AM-489/TP (servo 

amplifier), wiring diagram. 


= 








67. Test Equipment Required for Troubleshooting 


The test equipment required for troubleshooting 
Electronic Control Amplifier AM-489/TP is listed 
below. The technical manuals associated with 
the test equipment also are listed. 
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Test equipment Technical manual 











Tube tester TV~7/U or an equivalent..| TM 11-5083 

Multimeter TS-352/U or an equiva- | TM 11-5527 
lent. 

Oscilloscope BC-1060A or an equiva- 
lent. 

Electronic Multimeter TS—505(*)/U 
or an equivalent. 

Tools and materials supplied with 
Radio Set SCR-584-(*). 


TM 11-2526 


TM 11-5511 


TM 11-1524 or 
TM 11-1324. 





68. General Precautions 


Whenever any of the three servo amplifiers are 
to be serviced, observe the following precautions 
very carefully: 

a. Before a part is unsoldered, note the position 
of the leads. Refer to paragraph 71 before un- 
soldering any connection. 

b. Be careful when unsoldering any connection. 
Do not damage other leads by pulling or pushing 
them out of the way. 

c. When unsoldering a lead, be careful not to 
allow any drops of solder to fall or splash in the 
equipment. The solder drops and splashes may 
cause short circuits. 

d. A carelessly soldered connection may create 
a new fault. It is very important to make well- 
soldered joints, since a poorly soldered joint is 
one of the most difficult faults to find. 


69. Troubleshooting Chart 


The following chart is supplied as an aid in 
locating trouble in the servo amplifiers. This 
chart lists the symptoms which the repairman 
observes, either visually or audibly, while making 
a few simple tests. It also indicates how to 
localize trouble to the proper stage of the amplifier. 
The signal substitution tests outlined in paragraph 
70 then can be used to supplement this procedure. 
Once the trouble has been localized to a stage or 
circuit, a tube check and voltage and resistance 
measurements of this stage or circuit ordinarily 
should be sufficient to isolate the defective part. 
Normal voltage and resistance measurements are 
given in figures 39 and 40. 


1. Power applied to amplifier, 115 V AC | 


10. 


11. 


12. 


13. 


14. 


15. 


16. 
17. 
18. 


19. 


20. 


21. 


22. 








Symptom 











switch in ON _ position. Amber 
panel indicator E101 not illumi- 
nated. 
Transformer T102 running hot. Low | 
plate voltage on all stages. 


Rectifier V106 plates running red. 


Low plate voltage on all stages. 
No plate voltage on all stages. 


Plate voltages of V104 and V105 
higher than normal. 
Screen elements of V104 or V105 run- 
ning red. 
No sereen voltage on V104 and V105. 
No grid bias on V104 or V105. 
Positive grid voltage on V104 or V105. | 


Higher - than - normal plate voltage | 
measured at V104 or V105. 

Low plate voltage on V103 and V102. 
Resistor R111 running hot. 


Low plate voltage measured at plate 
(pin 2) of V103. 
Higher-than-normal plate voltage on 


| Shorted turns in T101 primary. 





V103. 


No grid bias on V103 pin 1 to pin 3 
or 6. 

No plate voltage at pin 2 of V102___- 

No grid bias at pin 1 of V102 

Plate supply voltage measured at 
pin 2 of V102. 


Plate supply voltage measured at 
pin 5 of V102. 


FINE indicator lamp E103 not lit. -- 


High or infinite resistance between 
pins 4 and 5 of relay K101. 

Short pin 1 of V101 to ground mo- 
mentarily; COARSE lamp E102 
does not light. 





| Tube V101 defective. 


302513 O—54——5 


Probable cause 








Fuse F101 defective. 

Indicator lamp blown. 

115 V AC ON-OFF switch 8102 | 
defective. 


Shorted turns on high-voltage sec- 
ondary winding of T102. 


Capacitor C108 or C109 defective. 


Capacitor C108 leaky. 
Resistor R119 open. 


Capacitor C107 shorted. 
No plate voltages on V104 or V105. 


Resistor R123 open. 

Cathode resistor R117 shorted. 

Leaky or shorted coupling capacitor 
C105 or C106. 

Weak tube, low emission. 
resistor R117 open. 

Capacitor C111 leaky or shorted. 


Cathode 


High plate current 
Capacitor C104 leaky or shorted. 
Weak tube V103, low emission 
Open cathode resistor R112. 
Open grid circuit. 


Defective GAIN control 
R109. 

Open resistor R107 

Open cathode resistor R106 

Weak tube V102, low emission 


resistor 


Open cathode resistor R106. 

Open cathode resistor R106 

Open grid circuit from pin 4 to 
ground. 

Shorted relay K101 contacts 1 and 
2. Lamp should light if good. If 
lamp is good, the following is indi- 
cated: 

Relay K101 contacts 1 and 2 not | 
closed because of contact pitting, | 
broken spring, etc. 

Corroded or open contacts on K101__! 


Lamp E102 open 
Contacts 2 and 3 of relay K101 not | 
closing. 





Correction 








Replace fuse F101. 

Replace lamp E101. 

Check by measuring for input voltage 
across terminals 1 and 2 of T102. 
Replace 8102 if necessary. 

Measure a-c voltage across secondary 
of T102. Refer to voltage and re- 
sistance charts. Replace T102. 


Internal resistance of capacitors 
should be infinite. Replace capaci- 
tors. 


Replace C108. 

Replace R119 and check capacitor 
C108. Replace C108. 

Replace C107. 

Replace T101. 

Primary winding of T101 open. 


Replace R123. 
Replace R117. 
Replace C105 or C106. 


Check tube on tester. 
Replace R117. 

Check capacitor C111 and replace. 

Check resistance of R111 to see that 
it has not changed value. Replace 
if necessary. 

Replace C104. 


Replace tube. 


| Test tube V103. 


Replace R112. 

Check _ resistors 
(GAIN). 
Replace. 

Replace R109. 


R110 and R109 


Replace R107. 
Replace R106. 


Check tube V102 and replace if 
necessary. 

Replace R106. 

Replace R106. 

Check resistors R104, R103, and 
R102. Replace if necessary. 

Replace lamp E103. 

Replace hermetically sealed relay 
K101. 

Replace K101. 

Replace E102. 

Replace K101. 

Test V101. Replace if necessary. 
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Symptom Probable cause Correction 


. Disconnect green lead from pin 6 of | Relay not operating. .......-....-- Replace relay K101. 
K101. Connect ohmmeter be- | Tube V101 defective. Check tube V101. Replace. Refer 
tween pins 5 and 6 of K10J. to items 24 and 25. 
Momentarily short pin 1 of V101 
to pin 6 of VI0I. No continuity 
between pins 5 and 6 when pin 1 
of V101 is shorted. 

Relay K101 is not operating...-..--- Relay coilopenc ceo oo Se a Remove K101. Check coil resistance 


between pins 7 and 8 of K101. If 
it is not 14,000 ohms replace K101. 


Capacitor C201 shorted. Replace C201. 
. Relay not operating at proper load | Weak relay springs--..-.-...---.-- Replace relay K101. 
point of 2 ma, Check by remov- | Shorted turns in relay coil. Replace relay K101. 


ing K101 from socket and applying 
45-v de in series with resistor 
(85,000-ohm minimum value) and 
placing milliammeter across pins 7 
and 8 of relay K101. 
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Figure 41. Electronic Control Amplifier AM-489/TP (servo amplifier), top view of chassis. 
70. Signal Substitution Checks a. Input and Output Check. 

The following tests should be performed to (1) Connect a 115-volt, 60-cycle, single-phase 
enable the repairman to check the proper opera- ac voltage to terminals 12 and 4 of servo 
tion of the servo amplifier in its overall system amplifier connector P101. Connect a 
application. _ Refer frequently to the schematic 115-volt, 60-cycle, single-phase ac through 
and wiring diagrams (figs. 62 and 63). a voltage-varying device to two of the 
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three stator windings of a synchro con- 
trol transformer. The transformer is 
included in this circuit to match the 
circuit impedances and simulate normal 
operation. 

Warning: Set the voltage varying 
device at zero before proceeding with the 
following checks. 

(2) Connect rotors Ri and R2 of the control 
transformer to the servo amplifier input 
terminals 3 and 10. Make sure that the 
amplifier is set to operate on fine input. 

(3) Connect a servo motor, for proper output 
loading, to terminals 1 and 6 of the servo 
amplifier (any servo motor that is equiva- 

- lent to the one used on the servo units). 

(4) Connect a vacuum-tube voltmeter (ac) 
across servo amplifier input terminals 3 
and 10. 

(5) Connect an ac voltmeter to output ter- 
minals 1 and 6 of the servo amplifier. 

Note. Use a low range on the input n eter 
(0 to 1 volt) and use a high range on the output 
meter (0 to 100 volts). 

(6) With the GAIN control turned com- 
pletely clockwise, an input voltage of 1 


volt, and the DAMPING control (R101) 
adjusted for an output null, the servo 
amplifier gain should be from 20 to 40. 

b. Coarse-Fine Switching Circuit Check. The 
following procedure provides a means for checking 
the coarse-fine switching circuit for proper voltage 
and the relay circuit for proper release. 

(1) Connect the equipment exactly as di- 
rected in a above, with the following 
exception: Connect the synchro control 
transformer rotor terminals R1 and R2 
to servo amplifier terminals 9 and 11. 

(2) Turn C F SWITCHING control R122 
completely counterclockwise. The green 
light, E103, should go on. 

(3) Use the voltage-varying device and in- 
crease the input voltage until red light 
E102 lights; this indicates that the servo 
amplifier has switched to coarse opera- 
tion. The voltage measured on the in- 
put meter should be no higher than 1- 
volt ac root mean square (rnis). 

(4) Slowly reduce the input voltage to zero. 
The green light should come on again, 
indicating that the unit has returned to 
fine operation. 


Section II. REPAIRS 


71. Replacement of Parts 


When replacing parts in Electronic Control 
Amplifier AM-489/TP (servo amplifier), observe 
the precautions given below. 

a. Tagging Leads. Tagging the leads is essen- 
tial to assure that correct rewiring will be made 
when a part is replaced. Before removing or 
unsoldering any leads from such items as terminal 
boards, tube sockets, connectors, and controls, tie 
together the leads that are attached to each of 
these parts. With small tags or short pieces of 
achesive tape, identify all wires in accordance with 
their numbered connections. Identify every lead 
that is to be removed. (Refer to the schematic 
diagrams, figures 58 and 62.) 

b. Parts and Substitution. When damaged parts 
must be replaced, identical parts should be used. 
If identical parts are not available and the damaged 
component is beyond repair, a substitution must 
be made. The parts substituted in the servo 
amplifiers must have identical electrical properties 
and they must be of equal or higher voltage and 
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current rating. Mechanical components in the 
recorder and console assemblies must be identical 
replacemerts. 

c. Location. Whensubstituting equivalent parts 
in the servo amplifier, it is extremely important 
to locate these parts as close to the location of the 
original parts as possible. 

d. Mounting. Mount the new or replaced part 
in the same mounting position as that formerly 
occupied by the damaged part. Fasten all 
mountings securely. 

e. Soldering. Before soldering any connection, 
clean and carefully scrape all parts that will be 
touched by the solder until all traces of rust, 
corrosion, and paint or varnish are removed. 
Wrap the wire around the solder lug so that it is 
mechanically secure. Use very little solder and 
sufficient heat to make the solder flow evenly 
around the tinned surfaces. Make sure that the 
ground lugs are bonded securely to the chassis. 
Be sure to clean away all particles or splashes of 
solder. 


72. Inspection of Console 
(fig. 3) 

a. Carefully inspect both lifting eye assemblies. 
Inspect the lifting hooks and mounting plates for 
damage. Move all lifting hooks to check for 
broken shafts or springs. 

Note. Never attempt to lift the equipment unless 
assured that the lifting handle assemblies are functioning 
properly. Whenever the console is tilted sufficiently to 
allow examination of the bottom (as in moving off a truck), 
check the vibration mounts between the skids and the 
console frame. If the rubber pads show signs of deteriora- 
tion, or if the metal parts are damaged, replace the mounts. 

b. Check both lifting handle assemblies for 
obvious defects. Replace worn or defective plates, 
handles, shafts or springs before attempting to 
move the equipment. 

c. Inspect the three terminal boards (E504, 
£505, and E506) mounted inside the lower rear 
access panel of the console. Inspect all connections 
for tightness, clean contact, and for frayed insu- 
lation. 

d. Inspect all panels and covers and check their 
fasteners; inspect all sealing gaskets before secur- 
ing the covers in place. 

e. Check the input data connector receptacle 
for dirt and obvious defects. 


73. Inspection of Chassis and Panel 


When a servo amplifier is removed from the 
console assembly for repair, inspect the chassis 
and panel for any obvious defect. When the unit 
is removed, it is possible to inspect all parts and 
wiring. 

a. Inspect all component parts of the servo 
amplifier for rust, corrosion, breakage, or other 
mechanical damage. Inspect all wiring for loose 
connections and frayed or burned insulation. 
Thoroughly inspect all mounting hardware for 
mechanical defects. Examine the chassis for dirt 
or corrosion. 

b. Examine all fixed capacitors for signs of 
discoloration, leaks, bulging, dirt, and loose con- 
nections. Melted or oozing wax or other dielectric 
is a definite sign of damage to the part. Such 
capacitors should be removed for electrical check 
and should be replaced if they are defective. 

c. Examine resistors for blisters, discolorations, 
or other signs of overheating. Inspect connecting 
leads for corrosion, dirt, dust, looseness, or broken 
strands of wire. Discoloration of a resistor usually 


indicates that the component has been operating 
under overload conditions and should be taken as 
a sign of a defect in an associated circuit. 


74. Adjustment of Azimuth Microswitches 


The azimuth section switching circuit micro- 
switches S601 and S602 must be adjusted when- 
ever the position of the azimuth stylus is changed 
on its wire rope, and whenever the wire rope is 
changed. The switches may have to be adjusted 
if the recorder is operated in a temperature much 
different from that in which the switches were 
alined previously. 

a. The azimuth switches and the mechanical 
azimuth stops (at each end of the plotting scale) 
must be adjusted so that the loss of azimuth plot 
(par. 49) does not exceed 45 mils. 

b. Use the following procedure: 


(1) Loosen the locknuts on the mechanical 
azimuth stops (fig. 50). 

(2) Set the azimuth stops so that the stylus 
point is stopped one thirty-second of an 
inch beyond 3,200 mils and before 0 mil. 

(3) Tighten the locknuts. 

(4) With the power off, manually set the 
plotting stylus so that the stylus point 
rests between the 3,200-mil scale mark 
and its stopped position. 

(5) Loosen the mounting screws on micro- 
switch S601 (fig. 48). 

(6) Adjust S601 and slide it in its mounting 
slots, so that it is just closed by the pin 
on the azimuth drive pulley. Make sure 
the position of the stylus point has not 
changed. 

(7) Carefully tighten the switch mounting 
screws. 

(8) Repeat steps outlined in (4) through (7) 
above, adjusting microswitch S602 with 
the stylus point set at the zero end of the 
scale. 

(9) Check the microswitches to see that they 
are actuated before the azimuth stops 
limit the movement of the stylus; if not, 
repeat the adjustments. 


c. If adjustment of S601 and S602' cannot be 
accomplished simultaneously, move the stylus on 
the stylus drive cable a short distdnce in the 
appropriate direction, and repeat the adjust- 
ments outlined in (4) through (8) above. 
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CHAPTER 6 
MECHANICAL OVERHAUL OF THE RECORDER ASSEMBLY 





Section I. GENERAL 


75. General 


Although the recorder depends on electrical and 
electronic principles for its operation, many of its 
parts are mechanical. Instructions for the dis- 
assembly, inspection, cleaning, and repair of the 
mechanical parts are given in this chapter. The 
subsequent text of the chapter is divided into four 
main sections. In section II, major parts and as- 
semblies of the recorder are removed as units. 
In section III, general cleaning and inspection 
directions are given. In section IV, instructions 
are listed for further disassembly of the major com- 
ponents (where required), inspection and repair 
of all parts, and reassembly of the minor parts 
into their major components. Section V deals 
with reinstallation of the major components. 


76. Instructions 


Three points should be kept in mind when fol- 
lowing the steps given in this chapter. 

a. The procedures outlined are not intended to 
be complete to the smallest detail. Full use of 
the exploded views and photographs should be 
made to augment the text. 

b. Parts should not be overhauled unless a need 
of repair is evident. Many of the steps given may 
be omitted where parts are obviously in good 
condition. Use discretion and avoid needless 
steps wherever possible. 

c. The recorder assembly mechanism is an ex- 
tremely accurate and highly sensitive piece of 
equipment and, as such, should be treated with 
great care at all times. 


Section TI. REMOVAL OF MAJOR PARTS AND ASSEMBLIES 


77. Recorder Assembly 
(fig. 3) 

Follow the instructions given in a through f 
below when removing the recorder assembly from 
the console assembly. The recorder assembly is 
mounted on guide rollers and slides forward out 
of the console assembly when the front access 
panel, control panels, and several structural 
members of the console are removed. 

a. Remove the upper front access panel (fig. 11). 

b. Open the fasteners on the control panel 
frames located on the front of the console and 
swing the hinged panels forward out of the way 
(fig. 45). 

c: Remove the four screws that hold each verti- 
cal bracket (fig. 45) to the console shelf. 

d. Remove the horizontal crossmember (fig. 
45) running across the top front edge of the con- 
sole by removing the six screws which hold it to 
the console sides. 

e. Disconnect all wire connections between the 
console and recorder. 

Caution: Check each lead, for proper identi- 
fication before disconnecting. 
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f. Remove all screws and washers that hold 
the top of the recorder assembly to the console. 
The recorder assembly rolls out of the console on 
guide rollers (fig. 45). 


78. Recorder Covers 


Before removing any of the covers, unfasten 
the three captive screws (fig. 13). One screw 
locks the paper roll cover and the others lock the 
paper well cover. : 

a. Remove the screws which hold the hinge of 
the paper roll cover to the left side of the housing. 

b. Disassemble the hinges from the rear cross 
brace and detach the paper well cover from the 
recorder assembly. 

c. Remove the guide pulléy cover by unfasten- 
ing the screws that hold it to the left side housing. 


79. Paper Holders, Paper Well Clutch, and 
Associated Parts 
(fig. 43) 


Before removing any parts, determine the con- 
dition of all assemblies. Operate the clutch stop 
and clutch. Test both paper holders for freedom 
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Fillister-head machine screw, No. 8-32 by %e inch long 

Split lockwasher, No. 8 by .047 inch wide by .031 
inch thick 

Clutch stop 

Pivot pin 

Clutch stop housing 

Clutch stop spring 

Clutch stop lever 

Fillister-head machine screw, No. 8-32 by % inch long 

Left-hand paper holder 

Retaining ring 

Shaft (O 618) 

Fillister-head machine screw, No. 6-32 by %e inch 
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Paper holder disk (left) 
Paper well clutch 

Roll pin 

Locking collar (O 608) 
Roll pin 

Lever (O 613) 

Roll pin 

Yoke (O 628) 

Shaft 

Flat spring (O 625) 
Handle (H 601) 

Clutch frame (O 605) 
Retaining ring 
Right-hand paper hoider 
Helical compression spring (O 626) 
Spring retainer 

Shaft (O 619) 

Paper roll lift 


Figure 43. Paper well housing, exploded view. 
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Figure 44. Paper drive mechanism. 
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of movement. Note any signs of defective opera- 
tion and keep them in mind when making repairs. 

a. Remove the left paper holder (9, fig. 43) by 
disengaging it from the paper well clutch (18). 
Removal of screws (8) and lockwashers (2) will 
permit the raising of the clutch sufficiently so that 
this mav be done. 

5. Remove the paper well clutch. 

c. Disassemble the right paper holder (30) from 
the recorder housing by removing retaining ring 
(29). 

d. Remove the clutch stop (3) by removing the 
four screws (1) and lockwashers (2). 
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e. For additional disassembly and overhaul 
instructions, refer to paragraph 90. 


80. Paper Drive Mechanism 
(figs. 44, 45, and 52) 


Before removing any parts, tag and disconnect 
all electrical supply leads to the lower bank of the 
connectors on the terminal board (10, fig. 52). 
Completely free the mounting bracket (57, fig. 52) 
of all wiring from the rest of the recorder assembly 
by removing the cable clamp (8, fig. 52). Dis- 
assemble the mounting bracket (57), with the 
paper drive mechanism attached, from the recorder 


PAPER DRIVE MOTOR 


VERTICAL 
BRACKET 


STYLUS FRAME LIFT ASSEMBLY 


TM 5534-34 


Figure 45. Azimuth-Elevation-Range Recorder RD-54/TP and/or RO-3/MPQ interior view. 
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*2 1S 17 IN RECORDERS WITH SERIAL 
NUMBERS 313 OR HIGHER. 


Retaining ring 

Self-alining roller bearing (0602) 

Socket head cup point setscrew, No. 10-32 by % inch 
long 

Pad 

Pinwheel assembly 

Key 

Right roller and shaft assembly 

Right frone or right reer roller shaft (0620) 

Left front roller shaft (0621) 


CONoar, Whe 





USED ON REAR PAPER ROLLER ONLY 


TM 5534-40 


10 Roller assembly 

11 Hexagonal-head capscrew, 4-20 by 4% inch long 

12 Spring lockwasher, 4 inch by .107 inch wide by 0.47 
inch thick 

13 Special washer 

14 Retaining ring 

15 Rear roller and shaft assembly 

16 Left rear roller shaft (0622) 

17 Self-alining roller bearing (0649) 


Figure 46. Front and rear paper rollers, exploded view. 


housing by removing the screws and the lock- 
washers. Refer to paragraph 91 for further 
disassembly of the paper drive mechanism. 


81. Upper and Lower Paper Drive Gearboxes 
(fig. 44) 


a. Disconnect the paper drive overrunning 
clutch from the output shaft of the upper paper 
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drive gearbox by removing the associated roll 
pin. Be careful not to drop the front paper 
roller. 

b. Disassemble the upper and lower gearboxes 
from the recorder housing by removing the screws 
and the washers. Pull the gearbox off gently so 
as not to damage its coupling. 

c. For additional disassembly, inspection, and 
overhaul instructions, refer to paragraph 92. 


82. Overrun Clutch and Paper Rollers 
(figs. 44 and 46) 


a. Disconnect the overrunning clutch from the 
front paper roller by removing the setscrew. 


b. Remove the bearing retainer and the retain- 
ing rings (1, fig. 46). Slide the front paper roller 
to the right, permitting removal of the overrun- 
ning clutch. Remove the front paper roller by 
sliding it to the left. 

c. Disassemble the rear paper roller from the 
recorder by removing the bearing retainers, the 
retaining rings (1) on the right side and (14) on 
the left side, the screw, the lockwasher, and the 
flat washers (11, 12, 13) which hold it at both 
ends. 

d. Refer to paragraph 93 for further disassembly 
and inspection instructions. 


83. Pulley Assemblies 
(figs. 47 and 28) 


Caution: Be careful when removing all wire 
ropes. Excessive tension may damage pulleys or 
cause fraying, stretching, or kinking of individual 
rope strands. 

a. Loosen both knurled adjusting nuts (7) on 
each of the two height drive pulleys (17 and 18, 
fig. 28), allowing slack to develop in the elevation 
wire rope. Unhook the rope from both drive 
pulleys. Remove the height stylus carriage (6, 
fig. 28) from its guide shafting. Remove the rope 
entirely from the recorder assembly. Reinstall 
the carriage between the guide shafting rods to 
prevent its misplacement. 

b. Remove the range drive rope in the same 
manner as described for removal of the height 
drive rope (a above). 





TMS534—-46 


Figure 47. Azimuth-Elevation-Range Recorder RD-64/TP and/or RO-3/MPQ drive pulley assemblies. 
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Figure 48. Azimuth-Elevation-Range Recorder RD-54/TP and/or RO-3/MFQ, rear view with access panels removed. 
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Figure 49. Stylus frame lift assembly, exploded view. 
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c. Remove the azimuth drive rope in the same 
manner as described for removal of the height 
drive rope (a above). 

d. Loosen the coupling clamp (8, fig. 55) 
between the height gearbox output shaft (35, fig. 
55) and the height pulley shaft. Remove the 
height pulley mounting bracket (fig. 47) by unfas- 
tening the screws and disassembling both height 
drive pulleys (17 and 18, fig. 28) from their servo 
unit. Do not bend the coupling or the shafts. 

e. Remove the range drive pulleys (15, fig. 28) 
in the same manner as described for removal of 
the height drive pulleys. 

f. Remove the azimuth drive pulleys (13, fig. 
28) in the same manner as described for 
removal of the height drive pulleys. Disassemble 
the sensitive switch support bracket from the 
azimuth pulley mounting bracket. Remove both 
sensitive switches. 

g. Remove the pulley bracket assembly (19, 
fig. 28) by removing the screws and lockwashers. 

h. Remove both pulley assemblies (20 and 21) 
by removing the screws and the lockwashers. 

i. Further instructions for the disassembly and 
inspection of the pulley assemblies are given in 
paragraph 94. 


84. Stylus Frame Lift 


The stylus frame lift counterbalances the 
weight of the stylus frame in its raised position so 
that no propping or mechanical stops are re- 
quired to keep the stylus frame raised. An ex- 
ploded view of the stylus frame lift is shown in 
figure 49, and its location on the recorder is shown 
on figure 45. 

a. Trip the latch release (fig. 13) which holds 
the stylus assembly to the recorder housing. 
Raise the entire stylus assembly as high as possible 
and prop it securely in place. 

Note. It is important that the stylus assembly be 
propped at its highest position in order to relieve the 
spring pressure of the stylus frame lift as much as possible. 
Do not force the assembly beyond its normal limits of 
travel. 

b. Remove the four screws which hold the lift to 
the recorder housing. Be careful when removing 


78 


these screws. Release the last one slowly while 
holding the lift securely on the housing. Allow 
the lift to move down slowly, relieving all remain- 
ing spring pressure gradually. 

ce. Disconnect both stylus frame lift connecting 
rods (14, fig. 49) from their pistons (15) by 
removing the roll pins (13). 

d. Carefully lower the stylus assembly to its 
normal (down) position. 


85. Stylus Frame and Associated Parts 
(fig. 50) 


Caution: Do not attempt to remove the 
stylus frame or any of the parts attached to it 
unless all wire ropes have been removed (par. 83). 
Disassemble the hinge support arms (10, fig. 51) 
from the recorder frame. Remove the stylus 
frame and all parts attached to it. Be careful 
not to damage the lampholder wires. Disas- 
sembly instructions of the frame and associated 
parts are given in paragraph 96. 


86. Servo Units 


Before removing each servo unit, tag and dis- 
connect all electrical leads to the left bank of 
connectors on the terminal boards. Remove the 
wire holding clamp, and disconnect the servo units 
from all wiring to the rest of the recorder assembly. 
Handle all servo units carefully. Each of the 
three servo units is fastened to the recorder 
housing by four screws, two at the top and two 
at the bottom of each gearbox back plate. Re- 
move these screws and disassemble the servo units 
from the recorder assembly carefully. Refer to 
figure 47 for a view of the servo units exploded 
from the recorder housing. 


87. Miscellaneous Parts 


a. Platen. Disassemble the platen (fig. 14) 
from the recorder housing by removing the 12 
screws which hold it to the assembled recorder 
housing. 

b. Housing. Disassemble the center support 
housing, the side housings, and the tie rods of 
the recorder assembly from each other when all 
other parts have been removed. 
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Figure 50. Stylus frame assembly, in lift position. 
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Stylus frame assembly, exploded view. 


Figure 51. 
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Figure 51—Continued. 
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Section III. CLEANING DISASSEMBLED PARTS 


Caution: Do not submerge the parts in solvent. 


Many of the assemblies removed contain roller 


bearings. Try to keep the solvent from reaching the lubricant in these bearings. 


88. General Cleaning Instructions 


Wipe the external surfaces of all metal parts 
with a lint-free cloth that has been moistened 
with solvent (SD). Use a short, stiff-bristled 
brush (such as a toothbrush) to reach difficult 
corners and dislodge dirt, grease, and other accum- 
ulations. Dry all parts carefully with a jet of 
clean air or with a clean, dry, lint-free cloth. 


Remove rust, scratches, and burrs with No. 000 
sandpaper. Repair rusted surfaces as necessary. 


89. Inspection of Covers 


Check the condition of all covers and the 
captive screws which lock them to the recorder 
assembly. If a cover is damaged or sprung so 
that it does not seat correctly, replace it. Replace 
all missing or damaged captive screws. 


Section IV. OVERHAUL OF MAJOR COMPONENTS 


Note. Paragraphs 90 through 98 contain specific overhaul directions for all maintenance parts of the recorder assem- 
bly. Repairs of parts not mentioned specifically should be made as necessary, according to the judgment of the repair- 


man, 


90. Paper Well Clutch, Paper Holders, and 
Associated Parts 
(fig. 43) 

a. Disassembly of Paper Well Clutch. Dis- 
assemble the clutch shaft (25) from its frame (28) 
by removing pins (19 and 21) and pulling the 
shaft out of its frame releasing lever (22). Re- 
move spring (26) and yoke (24) by removing 
pins (23), screw (12), and lockwasher (13). 

b. Disassembly of Left Paper Holder. Dis- 
assemble shaft (11), disk retainer (15), and bearing 
(16) from the left paper holder disk (17) by re- 
moving retaining ring (10), screws (12), and wash- 
ers (13 and 14). 

c. Disassembly of Right Paper Holder. Dis- 
assemble spring (31), shaft (33), disk retainer (15), 
and bearing (16) from the right paper holder 
disk (17) by removing retaining ring (10), screws 
(12) and washers (13 and 14). 

d. Inspection and Replacement. 

(1) Check spring (26) for evidence of wear or 
fatigue. Inspect frame (28), handle (27), 
yoke (24), lever (22) and collar (20). 
Replace worn or damaged parts. 

(2) Check the paper well clutch stop for cor- 
rect-action. If it does not function cor- 
rectly, replace it. 

(3) Inspect the roller bearings (16). They 
should rotate freely, without evidence of 
binding or excessive wobble. Examine 
the paper holder shafts for wear. Inspect 
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Individual parts should be cleaned as necessary when removed from their main assemblies. 


the spring (31) for signs of breaking or 
fatigue. Replace all worn or damaged 
parts. 
e. Reassembly. No special assembly instruc- 
tions are required, all parts being reassembled in 
the reverse order of disassembly. 


91. Paper Drive Mechanism 
(fig. 52) 


a. Disassembly. 

(1) Remove cover (4). Disassemble terminal 
board (10) and terminal strip marker (11) 
from the motor mounting bracket (57). 

(2) Remove the dust cover (59) and the wire 
support bracket (60). 

(3) Disassemble the terminal board (62) from 
the motor mounting bracket. 

(4) Free the electrical solenoid (13) from the 
clutch yoke (50) by removing roll pin 
(12). Remove the solenoid. 

(5) Remove the motor wiring, and disas- 
semble the AC motor (36) with the 
governor (22) from the mounting bracket 
by removing the hexagonal nuts (18), 
the split lock washers (19 and 20), and 
the hexagonal head cap screws (21). 

(6) With an offset screw driver, loosen screws 
(24) which hold the bearing seal plate 
(32) to the governor spring and housing 
assembly (33). Remove the governor 
vanes (25) and the motor flange coupling 


(29) by removing the screws (24). Dis- 
assemble the coupling (28) from the 
motor flange coupling by removing the 
nut (26) and special screw (27). Remove 
governor spring and housing assembly 
(33) by removing retaining ring (30). 
Remove the governor flywheel (35) by 
removing the roll pin (34). 

(7) Disassemble the clutch frame (51) from 
the motor mounting bracket (57). Re- 
move the clutch actuating springs (38) 
and the clutch yoke (50) by removing 
screws (37), lockwashers (6), and roll pin 
(49). Remove the coupling (42) and 
pull the clutch drive shaft (43) out of its 
bearings. Pry off the retaining ring (44) 
and remove the clutch tube (48) from the 
clutch frame. Remove both the bearings 
(47) from the tube. Disassemble the 
female clutch (40) from the clutch drive 
shaft (43) by removing roll pin (39). 

b. Inspection, Testing and Replacement. 

(1) Inspect the terminal boards (10 and 62) 
for loose, stripped, or broken connections. 
Examine the electrical solenoid (13) for 
any external signs of damage. Replace it 
if it is damaged. 

(2) Check the no-load rpm of the motor. 
With 115 volts AC applied, the speed 
should be 3,450 rpm +10 percent. If the 
speed is outside these limits, or if the 
motor gives any other evidence of faulty 
operation, replace it. 

(3) Replace ball bearings (47) with new ones 
if necessary. 

(4) Inspect the helical compression spring 
(46) to determine its condition. Replace 
this spring if it is cracked, broken, 
fatigued, or damaged in any way. 

(5) Check both the female and male clutch 
(40 and 54) and the clutch facing (53) 
for signs of excessive wear. If any are 
worn, replace both halves of the clutch. 

(6) Inspect the couplings (28 and 42) for wear 
or damage. Replace these parts if they 
are damaged. 

. Reassembly. 

(1) Fasten the clutch yoke (50) to the clutch 
frame (51) with roll pin (49). Assemble 
the clutch frame (51) to the motor 
mounting bracket (57). Assemble the 
female clutch (40) to the clutch drive 


shaft (43). Insert the ball bearings (47) 
in the clutch tube (48). Place the spring 
(46) and the washers (45) between the 
upright arms of the clutch frame (51), in 
the order shown in figure 52. Insert the 
clutch tube (48) so that it passes through 
the spring and the two washers. Separate 
the washers and install the retaining ring 
(44). 

(2) Install the clutch drive shaft (43) through 
both bearings (47). Assemble the cou- 
pling (42) to the shaft and pin it in 
place with roll pin (41). 

(3) Install the actuating spring (38), fastening 
it with the screws (37) and lockwashers 
(6). 

(4) Assemble the governor flywheel (35) to 
the motor output shaft and pin it in 
place with roll pin (34). 

(5) Install the bearing (31) in the spring and 
housing assembly (33) and assemble the 
bearing seal plate (32) to the housing, 
leaving the screws (24) loose. Place the 
spring, housing, and the assembled parts 
on the flywheel (35) and install the retain- 
ing ring (30). 

(6) Fasten the coupling (28) to the motor 
flange coupling (29) with special screw 
(27) and nut (26). 

(7) Assemble the governor vanes (25) and the 
motor flange coupling (29) to the spring 
and housing assembly (33) with screws 
(24), using an offset screw driver to 
tighten the rear screws. 

(8) Reassemble the motor and the governor to 
motor mounting bracket (57). 

(9) Attach the electric solenoid (13) to the 
solenoid mounting plate (17) and mound 
it on the motor mounting bracket (57), 
using screws (58) and washers (15 and 
16); install the wire support bracket (60) 
at the same time. Fix the clutch yoke 
(50) to the solenoid by inserting roll pin 
(12). 

(10) Reassemble the terminal strip marker 
(11) and terminal board (10) to the motor 
mounting bracket (57). 

(11) Reassemble the terminal board (62) to 
the motor mounting bracket (57). 


(12) Attach the cover (4) to the mounting 
bracket. 
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Figure 52. 


Paper drive motor, exploded view. 
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10 
11 
12 
13 
14 
15 


16 
17 
18 
19 


20 
21 
22 


24 
25 


27 
28 
29 
30 


Fillister-head machine screw, No. 8-32 by %e inch long 31 Ball bearing 
Split lockwasher, No. 8 by .047 inch wide by .031 inch 32 Bearing seal plate 
thick 33 Governor spring and housing assembly 
Flat washer, No. 8 by % inch wide by .032 inch thick 34 Roll pin 
Cover 385 Governor flywheel 
Fillister-head machine screw, No. 6-32 by %o inch long 36 Alternating current motor (B601) 
Split lockwasher, No. 6 by .040 inch wide by .025 inch 37  Fillister-head machine screw, No. 6-32 by % inch long 
thick 38 Clutch actuating spring 
Flat washer, No. 6 by %o inch wide by .028 inch thick 39 Roll pin 
Cable clamp 40 Female clutch (0606) 
Fillister-head machine screw, No. 6-32 by ¥% inch long 41 Roll pin 
Terminal board (E612) 42 Coupling (0610) 
Terminal strip marker 43 Clutch drive shaft 
Roll pin 44 Retaining ring 
Electrical solenoid (L601) 45 Special washer 
Fillister-head machine screw, No. 10-24 by % inch long 46 Helical compression spring (0627) 
Split lockwasher, No. 10 by .055 inch wide by .040 inch 47 Ball bearing 
thick 48 Clutch tube 
Flat washer, No. 10 by %e inch wide by .036 inch thick 49 Roll pin 
Solenoid mounting plate 50 Clutch yoke 
Hexagonal nut, %-20 by %e inch 51 Clutch frame 
Split lockwasher, 4% by .107 inch wide by .047 inch 52 Roll pin 
thick 53 Clutch facing 
Flat washer, 4% by %.5 inch wide by %2 inch thick 54 Male clutch (0607) 
Hexagonal head cap screw, 4-20 by 1 inch long 55 Spacer 
Governor (0612) 56 Grommet 
Governor vane, spring and housing assembly 57 Motor mounting bracket 
Fillister-head machine screw, No. 8-32 by % inch long 58 Fillister-head machine screw, No. 10-24 by %e6 inch 
Governor vane 59 Dust cover 
No. 4-40 elastic stop hexagonal nut 60 Wire support bracket 
Special screw 61 Grommet 
Coupling (0609) 62 Terminal board (E613) 
Motor flange coupling 63 Speed adjusting nuts 
Retaining ring 
e Figure 62—Continued. 
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(14) Withdraw the upper gearbox coupling 
shaft (38) and disassemble the roller 
bearings (14) from the upper gearbox 
housing (39). 

(15) Remove the spacer (4) from the coupling 
shaft (38). 

b. Inspection and Replacement. Before pro- 
ceeding, inspect all gears and shafts. If a gear 
or shaft is worn or bent, replace the gearbox of 
which it is a part. 


92. Upper and Lower Paper Drive Gearbox 
(fig. 53) 


a. Disassembly. 

(1) Disassemble the upper and ihe lower 
geerboxes from each other by removing 
the male and female flexible couplings 
(1 and 42). 

(2) Remove the lower gearbox top and side 
plates (7 and 6) and the retaining ring 
(15). 
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(3) Remove the lower gearbox top and bottom 
covers (11 and 5). Loosen setscrew 
(12) and remove the locking collar (13). 
Withdraw the lower gearbox coupling 
shaft (18) and disengage the lower gear 
box output worm gear (17) from the in- 
put worm gear (23). 

(4) Disassemble the roller bearings (14) from 
the top cover (11) and housing (27). 
Remove the retaining rings (15) from 
the coupling shaft (18). 

(5) Remove all the retaining rings (20) and 
drive out the roll pin (22). (Support the 
input shaft (24), to prevent bending.) 

(6) Withdraw the lower gearbox input shaft 
(24) and disassemble the roller bearings 
(21) (21 and 43 for equipments bearing 
serial number 313 or higher) from the 
lower gearbox housing (27). 

(7) Remove the accessible retaining ring (31) 
from the upper gearbox output shaft 
(35). 

(8) Remove the upper gearbox front and 
rear covers (28 and 29). 

(9) Remove screws (8 and 40) and washers 
(9, 30, and 41) which fasten the rear 
bearing (32) to the gearbox output shaft 
(35). 

(10) Remove the remaining retaining rings 
(31) and withdraw the shaft from the 
bearing, disengaging the output worm 
gear (34) from the input worm gear (37). 

(11) Remove the roller bearings (32) from the 
upper gearbox housing (39) and the 
front cover (29). 

(12) Remove the upper gearbox bottom 
cover (36). Loosen the setscrew (12) 
and remove the locking collar (13). 


(13) Remove all the retaining rings (15) 
and drive out roll pin (22). (Support 
the coupling shaft (38) to prevent 
bending.) 


(1) Replace the roller bearings (14, 21, and 
32) (14, 21, and 32), for equipments 
bearing serial number 313 or higher 
with new parts. 

(2) Check the condition of the retaining rings 
(15, 20, and 31); replace any that are 
bent, out of shape, or broken. 

(3) Examine the coupling sections (1 and 42) 
to determine their condition. If they 
show any sign of deterioration, replace 
them. 


c. Reassembly. 


(1) Install the upper gearbox input worm 
gear (37), spacer (4), and both the 
inner retaining rings (15) on the upper 
gearbox coupling shaft (38). Insert the 
shaft through the holes in the upper 
gear box housing (39). Install the upper 
roller bearing (14), anchoring it with the 
outer retaining ring (15). Install the 
lower roller bearing (14) and lock it with 
the locking collar (13). Reassemble the 
bottom cover (36) to the upper gearbox 
housing. 

(2) Install the rear roller bearing (32); seat it 
securely against the shoulder in the hous- 
ing. Install the upper gearbox output 
worm gear (34) and both inner retainer 
rings (31) on the output shaft (35). 
Insert the upper gearbox output shaft 
(35) in the upper gearbox housing. 
Mesh the output worm gear (34) with 
the input worm gear (37). Fasten the 
rear bearing to the shaft with washers (9, 
30, and 41) and screws (8 and 40). Reas- 
semble the rear cover (28) to the housing. 
Reassemble the front cover (29) to the 
housing. Install the front roller bearing 
(32) and the outer retaining ring (31). 

(3) Install. the lower gearbox input worm, , 


gear (23) and both the inner retaining: 


rings (20) on the lower gearbox input 
shaft (24). Insert the shaft in the gear- 


box housing (27), Place the outer roller 
bearing (21) securely in the housing, and 
fasten it with the outer retaining ring 
(20). Press the spacer (19) in the same 
hole as the bearing until its outer edge is 
flush with the outside of the housing. 
Reassemble the side plate (6) to the 
housing. 


(4) Install the lower roller bearing (14). 


Install the lower gearbox input worm 
gear (17) and both inner retaining rings 
(15) on the lower gearbox coupling shaft 
(18). Insert the shaft in its housing; 
mesh the input worm gear (17) with the 
output worm gear (23). Install the 
locking collar (13). Reassemble the 
bottom and top covers (5 and 11) to the 
housing (27). Install the upper roller 
bearing (14) and outer retaining ring (15). 
Reassemble the top plate (7). 


(5) Reassemble the lower gearbox to the 


upper gearbox, joining the output shaft 
of the former to the input shaft of the 
latter with couplings (1 and 42). 


(2) Check the condition of all pinwheels (5). 


Replace a wheel having damaged, bent, 
or worn pins. _ 


(3) Check the condition of all roller shafts 


(8, 9, and 16) and the roller assemblies. 
Replace any parts that are scratched, 
worn, or scored. 


c. Reassembly. 
(1) Reassemble the roller shafts (8 and 16) to 


the roller assembly (15) with the keyways 
up 


(2) Insert the pads (4) in the inside holes of 


the pinwheels (5), in the same sides that 
the setscrews will be located. Place the 
pinwheels (with the pads trapped in 
place) on both roller shafts (8 and 16). 
Install the keys (6) and move the pin- 
wheels into position. Tighten the set- 
screws (3) so that they bear against the 
pads, locking the pinwheels to the shafts. 

Note. Check pins on both pinwheels for 
radial alinement; corresponding pins on both 
pinwheels should be alined within 1°. If 


alinement is inaccurate, check all the parts and 
replace the defective items. 


93. Front and Rear Paper Rollers (3) Install the inner retaining rings (1 and 
(fig. 46) 14) on their respective roller shafts. 
a. Disassembly. Reassemble the bearings (2 and/or 17) 
(1) Disassemble the roller bearing (2) (17, to their shafts, fastening the right-hand 
for equipments bearing serial number 313 bearing with retaining ring (1) and the 
or higher) from the right side of the front left-hand bearing with washers (12 and 
paper roller if necessary. Loosen the 13) and screw (11). 

setscrews (3) and remove both pinwheel (4) Reassemble both roller shafts (8 and 9) 

assemblies (5). Remove the pads (4) to the roller assembly (10). 
from the pinwheels. Remove both roller (5) Install both pinwheels (5) on the front 
shafts (8 and 9) by driving out the pins roller and shaft assembly (7), following 


which hold them to the roller assembly the procedure outlined in (1) and (2) 
(10). above. Check the pin alinement. As- 


semble the roller bearing (2 or 17) onthe 
right-hand shaft (8) and fasten it with 
retaining rings (1). 


(2) Disassemble the roller bearing (2) from 
the left side of the rear paper roller by 
removing screw (11), washers (12 and 13), 
and retaining ring (14). Disassemble : 
the roller bearing (2 or 17) from the right 94; Pulley Seremnlices 
side by removing the retaining rings (1). Pulley assemblies (19, 20 or 21, fig. 28) should be 

(3) Disassemble the pinwheels (5) from the replaced as units if more than one bearing of each 
right and left shafts. Remove the pad assembly is worn. 

(4) from the pinwheel. Remove both a. Additional Disassembly. 
roller shafts (8 and 16) by driving out the (1) If necessary for replacement of individual 


pins which hold them to the roller 
assembly (15). 


b. Inspection and Replacement. 
(1) Replace all roller bearings (2 or 17) with 


new parts if necessary. 


bearings remove the roll pin (1, fig. 54) 
which holds the main shaft of the pulley 
assembly in place and withdraw the 
main pulley shaft (8). The counter- 
shaft pulleys (11 and 6) (upper pulley 
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Upper and lower paper drive gearbox, exploded. 
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Female flexible coupling 

Fillister-head machine screw, No. 6-32 by %e inch long 

Spring lockwasher No. 6 by .040 inch wide by .025 inch 
thick 

Spacer 

Lower gearbox bottom cover 

Lower gearbox side plate 

Lower gearbox top plate 

Fillister-head machine screw, No. 10-24 by % inch 
long 

Spring lockwasher, No. 10 by .055 inch wide by .040 
inch thick 

Plain washer, No. 10 by %« inch wide by %2 inch thick 

Lower gearbox top cover 

Hexagonal socket-head setscrew, No. 6-40 by % inch 
long 

Locking collar 

Self-alining roller bearing (0639, 0643) 

Retaining ring (0641, 0647) 

Roll pin 

Lower gearbox output worm gear 

Lower gearbox coupling shaft 

Spacer 


Retaining ring (0642) 
Self-alining roller bearing (0640) 
Roll pin 

Lower gearbox input worm gear 
Lower gearbox input shaft 

Plug 

Dowel pin 

Lower gearbox housing 

Upper gearbox rear cover 

Upper gearbox front cover 
Special washer 

Retaining ring (0646) 
Self-alining roller bearing (0645) 
Roll pin 

Upper gearbox output worm gear 
Upper gearbox output shaft 
Upper gearbox bottom cover 
Upper gearbox input worm gear 
Upper gearbox coupling shaft 
Upper gearbox housing 
Fillister-head machine screw, 4-20 by % inch long 
Split lockwasher \% by .107 inch wide by .047 inch thick 
Male flexible coupling 


Figure 53—Continued. 
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assemblies only) may be disassembled 
from their shafts by removing the re- 
spective retaining rings (9). Withdraw 
the main shaft of the pulley assembly 
slowly, to prevent loss of any parts. 
To facilitate correct reassembly, place 
the parts side by side in the order of their 
removal. 

(2) Remove the bearings (11, fig. 28) from the 
pulley bearing supports (12, 14, and 16). 

b. Inspection and Replacement. 

(1) Replace the bearings as necessary. Be 
extremely careful when installing new 
bearings in the supports. Never strike 
a bearing directly with a hammer. 
Place a recessed block of wood against 
the outer race of the bearing and tap the 
wood gently. 

(2) Carefully check the condition of the two 
pins on the rear azimuth drive pulley 
(13, fig. 28). Replace these pins if they 
are bent or otherwise damaged. 


Roll pin 

Main shaft spacer 

Pulley and bearing assembly 
Self-alining roller bearing (0634) 
Main shaft pulley 

Bracket and pulley assembly 
Pulley support spring 

Main pulley shaft 


Figure 54. 


(3) Inspect all six drive pulleys (13, 15, 17, 
and 18) for scratches, wear, or other 
damages. Replace a pulley that is 
imperfect. 

Caution: Never try to repair these 
pulleys if they are damaged. Any re- 
pairs will destroy the alinement of the 
pulley and render it useless. 

(4) Examine all three pulley bearing supports 
(12, 14, and 16) and replace any that 
are damaged. 

(5) Carefully check all three drive wire ropes 
(1, 3, and 5) for fraying, kinks, or broken 
strands. If a rope is damaged, replace 
it. New rope must be cut to the neces- 
sary length as it is installed (par. 104). 

c. Reassembly. Reassemble the pulley assem- 
blies. The spacers (2, fig. 54) between the pulleys 
on the main shafts must be installed in their 
correct relative positions. If in doubt as to 
correct alinement, check the detailed instructions 
given for restringing of wire ropes (par. 104). 
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9 Retaining ring 
10 Self-alining roller bearing (0635) 
11 Countershaft pulley 
12 Countershaft spacer 
13 Countershaft 
14 Bracket 
15 Pulley mounting bracket 


Stylus assembly guide pulleys, exploded view. 


$5. Stylus Frame Lift 


No special overhaul instructions are required 
for the stylus lift. Figure 49 shows the relation- 
ship of all parts to each other. Figure 49 should 
be used as a guide if replacement of any part is 
necessary. Refer to paragraph 84 for disassembly 
instructions. 


96. Stylus Frame and Associated Parts 
(fig. 51) 


a. Additional Disassembly. 

(1) Remove the cover frame (22), gasket (23), 
and plotting scale (24) from the stylus 
frame and cover assembly (26). 
Disassemble the frame and cover as- 
sembly (26) from the housing (18). 
Remove the three stylus carriage as- 
semblies (31). Disassemble both mount- 
ings (30) from the housing (18). Dis- 
assemble the shafting (33) from the 
mountings by removing the roll pins 
(32). Remove the azimuth stylus carriage 
stops (29) and (34) from both mountings. 
(4) Remove the knurled nuts (35), disas- 
sembling the stationary stylus (11) and 
its helical compression spring (12) from 
the housing (18). 

If necessary, for replacement of pulley 
roller bearings (16), the rope return pul- 
leys (17) may be disassembled from the 
housing (18) by removing the nut (13) 
and washers (14 and 15). 

b. Inspection and Replacement. 


(1) Check the condition of all the incandes- 
cent lamps (1) and their lampholders 
(5). If a lamp is known to be burned 
out, replace it. Replace a lampholder 
that is damaged in any way. 

(2) Inspect all three stylus carriages (fig. 
5) for damage. The stylus helical com- 
pression spring, stylus loop spring, and 
knurled nuts should be examined for 
damage. Replace any of these parts 
that are broken or worn. The sta- 
tionary stylus (11, fig. 51) its spring (12), 
and nuts (35) should be inspected 
similarly. 

(3) Check the condition of the four roller 
bearings (16). If replacement of a bear- 
ing is necessary, disassemble the pulley 
from the housing (18), as directed in a 
above. 


(2 


~~ 


(3 


~~ 


(5 


wa 


(4) Inspect the rigid shafting (33) stylus 
carriage stops (29) and (34) and mount- 
ings (30). The various shafts should be 
free of wear, bending, scratches, or other 
damage. Check the mountings for de- 
fects. Replace the damaged parts in- 
dividually. 

(5) Examine the gasket (23) and replace it 
if worn or broken. 

(6) Check the plotting scale (24) to determine 
its condition. All the numbers should be 
visible and the markings clear. Replace 
a scale that is broken, cracked, or 
difficult to read. 

c. Reassembly. 

(1) Reassemble all the rope return pulleys 
(17) to the housing (18) if previously 
disassembled. 

(2) Assemble the stationary stylus (11) with 
its spring (12) and nuts (35) to the 
housing. 

(3) Assemble the stylus carriage stops (29 
and 34) to their mountings (30). Attach 
the right hand mounting to the housing. 
Insert all shafts and fasten them with 
the roll pins (32). Assemble the left 
band mounting (30) to the shafting and 
fasten it to the housing. Install the 
three stylus carriage assemblies (31). 

(4) Attach the frame and cover assembly (26) 
to the housing (18). Install the plotting 
scale (24), gasket (23), and cover frame 
(22), 


97. Servo Units 


Note. The following information is applicable to both 
the Azimuth-Elevation-Range Recorder RO-3/MPQ and 
Azimuth-Elevation-Range Recorder RD-54/TP. How- 
ever, the detailed gear train for the height and range 
gearboxes used on the Azimuth-Elevation-Range Recorder 
RO-3/MPQ is not identical to that shown in figure 55. 
The COARSE control transformer for the height servo 
unit on the Azimuth-Elevation-Range Recorder RO-3/ 
MPQ is nearest the servo drive motor. The reverse is 
true on the Azimuth-Elevation-Range Recorder RD-54/TP. 


Be very careful when handling any of the servo 
units and when performing overhaul operations. 
Improper treatment will destroy the accuracy of 
these units and render them useless. Under no 
circumstances should repairs be attempted except 
at a depot. Since the three servo units are basic- 
ally the same, the disassembly, inspection, replace- 
ment, and reassembly instructions which follow 
are applicable to all. Perform no further disas- 
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gearbox assembly, exploded view. 


Figure 55. Servo 
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sembly than that described, since only control 
transformers, the motor, and terminal boards are 
replaceable. 

a. Terminal Board. Tag and disconnect all 
electrical leads from the motor (39, fig. 55), the 
control transformer (53), and from the right bank 
of the connectors on the terminal board (6). 
Remove the terminal board. 

b. Motor. To remove the motor, remove the 
screws, and lockwashers (36), and (37) from the 
motor mounting base corners. Draw the motor 
straight away from the gearbox so that the shaft 
pinion (41) clears the motor mounting hole on the 
gearbox. 

c. Synchro Control Transformers. It will be 
necessary to disassemble the servo gearbox par- 
tially before a control transformer can be removed. 
The flat washer, lockwasher, and shaft nut (45, 
44, and 43) will not clear the teeth of the gear and 
shaft assembly (31), and the gears (27 and 48) 
will not clear the hole in the servo gearbox. 

(1) Remove the gearbox side cover by remov- 
ing the seven sets of screws, lockwashers, 
and flat washers which hold the cover to 
the box. Lay the cover plate aside. 

(2) Reach inside the gearbox with a %.-inch 
open-end wrench and loosen the shaft 
nut (43) on the fine synchro control 
transformer shaft. Remove the nut and 
its lockwashers (44) and flat washers (45). 

(3) Remove the gearbox bottom plate screws 
and lockwashers (138 and 10). Draw 
the bottom plate straight away from the 
housing. Clutch and gear assembly (18) 
and gear and shaft assembly (31) will 
be removed with the plate. 

(4) If the fine synchro transformer (53) is to 
be replaced, proceed as follows: 

(a) Remove the key (49) and slide the 
pinion (46) and the gear (47) off the 
fine transformer shaft. 

(6) Remove the three binding head screws 
(50). The transformer is now free. 

(c) Loosen the clamp (56) by means of 
the clamp screw (55). 

(d) Push the transformer through the ring 
assembly (57 through 61, 51, and 52). 

(e) Replace the transformer and assemble 
it in reverse order. 

(5) If the coarse synchro transformer is to 
be replaced, proceed as follows: 

(a) Repeat the procedure outlined in (1), 
(2), (8) above. | 
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(b) Remove the coarse synchro shaft nut, 
lockwashers, and flat washers (43, 44, 
and 45). 

(c) Remove the coarse synchro transformer 
and repeat the procedures given in 
(4) (6) through (4) (e) above. 

d. Test After Reassembly. Before reinstalling 
any of the three servo units to the Azimuth- 
Elevation-Range Recorder RD-54/TP, various 
tests should be made to insure that these com- 
ponents will be operating properly. 

(1) Each servo unit must be subjected to 
three major tests before reinstallation. 
The tests are as follows: 

(a) Backlash requirements. 

(b) Slip clutch tension. 

(c) Running voltage. 

(2) The backlash requirements test procedure 
is as follows: 

Note. On the Azimuth-Elevation-Range Re- 
corder RO-3/MPQ, do not make measurements 
on the coarse synchro shaft of the height servo 
unit. 

(a) Clamp the fine or coarse synchro shaft 
(depending on the backlash measure- 
ment to be made) in a fixed position 
relative to the servo unit housing. 

(6) Mount a radius bar on the output 
shaft and mount a dial indicator at a 
point 5 inches from the shaft center. 

Caution: Extreme care should be 
taken to make sure that there is no 
backlash in the radius bar arrange- 
ment with respect to the output shaft. 

(c) Use a spring scale and deflect the radius 
bar to its extreme with a torque of 
approximately 10 ounce-inches in each 
direction. The total deflection of the 
shaft as read on the dial indicator 
should be no greater than the following: 


Total de- 
flection 

Fixed shaft (in.) 
FAC oho es eNO Neen a ic . 0O8E 
TeightMrosteeul ee See ee eee . 0266 
AVENE; Tine coe oa Se Me eh aa . 0050 
ric A DECKERT (Ak ¢§6\s ORME) aU OSs Ch SR . 0050 


(3) The slip clutch tension test procedure is 
as follows: 

(a) The slip clutches are adjusted by 
loosening or tightening the setscrews 
on the slip clutch collars. These 
collars, when moved, vary the tension 
on the pressure spring. 


(b) Clamp the motor shaft to the gearbox 
case with any convenient clamp. 

(c) Connect a torqiié Wrench to the output 
shaft. The torque wrench should have 
a calibrated dial or indicator to show 
the amount of torque applied. 

(d) The slip clutch is adjusted correctly 
when the output shaft turns at 10 
inch-pounds, +2) inch-pounds. 

(4) The final test on the servo unit, prior to 
reinstallation on the Azimuth-Elevation- 
Range Recorder RD-54/TP and/or RO- 
3/MPQ, consists of a running voltage 
test. The running voltage test is used 
to determine whether the servo unit is 
clean and free from noise. Proceed as 
follows: 

(a) Connect 120 volts, 60 cycles, single- 
phase, ac, to terminals 1 and 3 of the 
servo motor. 

(b) Use a voltage regulating device and 
connect a variable voltage through a 


series 2-uf capacitor to the motor 
control field, terminals 2 and 4, of 
the servo motor. Correct operation is 
indicated when the gearbox will run 
on less than 10 volts of signal applied 
to terminals 2 and 4. 

(c) A further test can be made by con- 
necting 110 volts, 60 cycles, single- 
phase, ac, to terminals 1 and 3 of the 
servo motor. Start the servo unit 
turning in either direction. The motor 
should continue to run without further 
aid. 


98. Miscellaneous Parts 


a. Platen. Inspect the platen (fig. 14) for 
scratches, dents, or other damage. Remove small 
burrs or ridges with fine sandpaper. Replace a 
platen that is broken, dented, or severely bent. 

b. Housings. Carefully examine the recorder 
housings for bends, cracks, or breaks. Replace 
parts of the housing, as necessary, if damaged. 


Section V. REASSEMBLY OF MAJOR PARTS 


99. Miscellaneous Parts 


a. Housings. If previously disassembled, reas- 
semble the center support housing, side housings, 
and tie rods. 

b. Platen. Reassemble the platen to the hous- 
ing. 

100. Servo Units 

Caution: Exercise extreme care when handling 
all servo units. 

a. Mount each of the servo units on the center 
housing. 

b. Reconnect all electrical leads to their proper 
terminals. Connect each cable clamp to its gear- 
box. 


101. Stylus Frame and Associated Parts 


Reassemble the stylus housing (18, fig. 51) to 
the recorder housing by attaching the hinge arm 
supports (10). 


102. Stylus Frame Lift 


a. Trip the latch which holds the stylus frame 
to the right housing. Raise the entire stylus 
frame as high as possible and prop it securely in 
place. 

4. Connect both stylus frame lift connecting 
_ods (14, fig. 49) to their pistons (15) by inserting 
the roll pins (18). 


c. Fasten the stylus frame lift assembly to the 
recorder housing. 

d. Remove the prop which was used to hold 
up the stylus frame. Adjust the stylus frame lift 
to hold the weight of the stylus frame. Turning 
bolts (5, fig. 49) inward will increase spring com- 
pression and provide additional support. 

e. Adjust the bolts (5) evenly so that both sets 
of springs support approximately equal loads. 


103. Pulley Assemblies 


Note. Throughout this paragraph front is used as refer- 
ring to the front of the recorder assembly. Clockwise and 
counterclockwise directions are as viewed from the rear of 
the recorder assembly. 


a. Reassemble both the pulley assemblies (20 
and 21, fig. 28) to the recorder housing. 

b. Install the pulley bracket assembly (19). 

c. Reassemble the azimuth sensitive switches 
to their mounting bracket. Attach the sensitive 
switch support bracket to the azimuth pulley 
bearing support (12). 

d. Place the coupling clamp on the azimuth 
drive pulley assembly shaft. Slip the azimuth 
drive pulley assembly shaft into the servo unit 
output coupling and, at the same time, seat the 
other end of the shaft in the bearing in the azi- 
muth bearing support (12). Fasten the bearing 
support securely to the center housing. Tighten 
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the clamp between the pulley shaft and the servo 
unit output shaft. 

e. Install the range drive pulleys (15) and their 
bearing supports (14) in the same manner (d 
above). 

f. Install the height drive pulleys (17 and 18) 
and their bearing support (16) (d above). 

g. Turn the wire rope adjusting nuts (7) of all 
pulleys until the screws are extended fully. 


104. Wire Rope, Pulleys, and Stylus Carriage 
Assembly 


a. Installation of Azimuth Wire Rope. Remove 
cover plate (19, fig. 51) by removing the appropri- 
ate screws and lockwashers. 

(1) Using a wire rope of the correct length 
and with preformed end loops, mount 
the stylus carriage assembly at the 
approximate center of the wire. Leave 
the stylus carriage assembly loose on 
the wire so that it can be moved during 
final adjusting. 

(2) Mount the stylus carriage between the 
appropriate guide shafts (fig. 50). 

(3) Feed the wire rope through the appro- 
priate slot in the left hand mounting 
(30, fig. 51), around the azimuth return 
pulley (17), and back through the slot 
in the mounting. 

(4) Feed the two ends of the wire rope 
through the second and third pulley 
groups, as viewed from the rear recorder 
assembly, in pulley assemblies (20 and 
21, fig. 28) and the pulley bracket 
assembly (19). 

(5) Attach the front wire rope to the front 
azimuth drive pulley (13); feed the rope 
above the azimuth pulley shaft. Attach 
the rear wire rope to the rear azimuth 
drive pulley; feed the wire under the 
azimuth drive shaft. Adjust the nuts 
(7) to provide enough tension to prevent 
the wire rope from falling off the guide 
pulleys. 

b. Installation of Range Wire Rope. Mount the 
stylus carriage assembly on a wire rope of the 
correct length and having preformed ends. Leave 
the stylus carriage assembly loose on the wire rope 
for further adjustment in final test. 

(1) Position the stylus carriage between the 
appropriate guide shafts (fig. 50). 

(2) Feed the wire rope through the appro- 
priate slot in the left hand mounting 
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(30, fig. 51), around the range return 
pulleys (17), and through the front slot in 
the left hand mounting. 

(3) Feed the wire rope down through the 
first and fourth pulley groups, as viewed 
from the rear of the recorder assembly, 
in pulley assemblies (20 and 21, fig. 28) 
and pulley bracket assembly (19). 

(4) Connect the front wire rope to the front 
range drive pulley (15); feed the wire 
under the shaft. Connect the rear wire 
rope to the rear range drive pulley; feed 
the wire over the range drive shaft. 

(5) Tighten the adjusting nut (7) sufficiently 
to prevent the wire from falling off the 
pulley. 

c. Installation of Height Wire Rope. Mount 
the stylus carriage assembly on the wire rope of 
the appropriate length and with preformed ends. 
Leave the stylus carriage assembly loose on the 
wire rope for adjustment and final testing. 

(1) Position the stylus carriage assembly 
between the appropriate guide shafts 
(fig. 50). 

(2) Feed the wire rope through the appropriate 
slot in the left hand mounting, around the 
height return pulley (17, fig. 51), and 
through the rear slot in the left hand 
mounting. 

(3) Feed the wire rope through the fifth and 
sixth pulley groups, as viewed from the 
rear of the reeorder assembly in pulley 
assemblies (20 and 21, fig. 28) and pulley 
bracket assembly (19). 

(4) Connect the front wire rope to the front 
height drive pulley (18); feed the wire 
under the shaft. Connect the rear wire 
rope to the rear height drive pulley (17); 
feed the wire over the shaft. 

(5) Tighten the adjusting nut (7) sufficiently 
to prevent the wire from leaving the drive 
shaft. : 

(6) Replace the cover plate (19, fig. 51). 

d. Adjustment of Wire Rope, Pulleys, and Stylus 
Carriage Assembly. With the stylus frame in its 
lowered position, adjust the tension nuts (7, fig. 28) 
until the wire ropes are reasonably tight (par. 20). 

(1) Zero in the equipment as outlined in 
paragraph 22 except that the stylus 
should be positioned at exactly zero since 
it is positioned loosely on the wire rope. 

(2) Loosen the coupling between the drive 
pulley shaft and the servo unit output 


shaft on all three channels. With the 
units operating and zeroed, rotate ‘the 
drive pulleys until the wire rope is played 
out to the appropriate end. 

) Tighten the coupling. 

Caution: Make sure that there is 
approximately 1% inches of wire laid flat 
in the pulley groove before the wire rope 
leaves the pulley groove toward the 
pulley bracket assembly. 

(4) Move the stylus carriage assembly on the 
wire rope until it is approximately at 
zero. 

(5) Turn off the servo amplifier of the appli- 
cable channel and, holding the stylus 
carriage assembly fixed with the wire rope, 
move the stylus carriage to the center 
of the board, moving the drive pulleys 
along with it. 

Slide the stylus carriage assembly out of 

the guide shaft and tighten the four 

screws on the clamp plate which are used 
to fasten the stylus carriage assembly to 
the wire rope. 

Return the stylus carriage to the zero 

position, and turn on the channel servo 

amplifier. 

The stylus now should be positioned at 

zero. If it is off by less than one-eighth 

of an inch, reset the stylus as instructed 

in the initial adjustment (par. 22). 

If the adjustment is off by more than one- 

eighth of an inch, repeat the steps out- 

lined in (5) through (8) above. 

(10) Repeat the above steps for the other 
two channels. 
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105. Overrunning Clutch and Paper Rollers 


a. Assemble the rear paper roller (fig. 15) to 
the recorder side housings. 

b. Place the front paper roller (fig. 44) in 
position between the recorder side housings. 
Assemble the overrunning clutch to the front 
paper roller with the setscrew. Install the bearing 
retainer. 


106. Paper Drive Gearboxes 


Assemble the output shaft of the upper paper 
drive gearbox (35, fig. 53) to the overrunning 
clutch. Fasten both gearboxes to the left housing. 
Key the gearbox output shaft to the overrunning 
clutch by inserting the appropriate pin. 

Caution. To avoid damaging the paper drive 


3802513 O—54-——_7 


pins of the front paper roller, place a block of wood 
under the roller when installing the pin. 


107. Papcr Drive Mechanism 


a. Install the spacer (55, fig. 52), the male 
clutch (54) and the clutch facing (53) on the 
lower gearbox input shaft, anchoring these parts 
with roll pin (52). 

b. Assemble the paper drive mechanism to the 
left hand housing by attaching the mounting 
bracket with the screws and washers (fig. 44). 

c. Reconnect all electrical leads. 

d. When all other parts of the recorder have 
been installed, adjust the speed of the paper travel 
(par. 21). 


108. Paper Holders, Paper Well Clutch, and 
Associated Parts 


a. Install the paper well clutch stop (3, fig. 43). 

b. Assemble the right hand paper holder (80) 
to the recorder side housing; fasten with retaining . 
ring (29). 

c. Place the paper well clutch (18) in pasition 
in the hole in the left side housing, but do not 
fasten. Install the left hand paper holder (9), 
raising the paper well clutch slightly to allow its 
shaft to pass through the hole in the clutch frame 
and then engage with the clutch lever (22). 

d, Fasten the paper well clutch to the left side 
housing. Test the paper well clutch, paper well 
clutch stop, and both paper holders to determine 
whether or not they are operating correctly. 


109. Recorder Covers 
(fig. 13) 


Install the guide pulley cover, the paper well 
cover, and the front paper roll cover. No special 
instructions are required, except that the captive 
screws which lock these covers down should be 
installed after attaching the covers to the housing. 


110. Recorder Assembly in Console 


a. Carefully roll the recorder assembly into 
place in the console. Insert the screws and washers 
which hold the top of the recorder assembly to 
the console. 

b. Reconnect all electrical leads. 

c. Install the top front crossmember of the 
console assembly. 

d. Install the four screws that hold the two 
vertical brackets to the console shelf. Close the 
two control panels. 

e. Install the upper front access panel. 
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CHAPTER 7 


SHIPMENT AND LIMITED STORAGE AND DEMOLITION TO PREVENT 
ENEMY USE 





Section I. SHIPMENT AND LIMITED STORAGE 


111. Repacking for Shipment or Limited Storage 

The exact procedure in repacking for shipment 
or limited storage depends on the material avail- 
able and the conditions under which the equipment 
is to be shipped or stored. Reverse the instruc- 
tions given in paragraph 12. 


112. Protective Packaging 
Whenever practicable, place a dehydrating agent 


such as silica gel inside the waterproof barrier: 
Protect the equipment with a waterproof paper 
barrier. Seal the seams of the paper barrier with 
waterproof sealing compound or tape. Pack the 
protected box in a padded wooden case, providing 
at least 3 inches of excelsior padding or some simi- 
lar material between the paper barrier and the 
packing case. 


Section Il. DEMOLITION OF MATERIEL TO PREVENT ENEMY USE 


113. General 


The demolition procedures outlined below will 
be used to prevent the enemy from using or sal- 
vaging this equipment. Demolition of the equip- 
ment will be accomplished only upon order of the 
commander, 


114. Methods of Destruction 


a. Smash. Smash capacitors, transformers, re- 
sistors, the stylus frame lift assembly, the recorder 
frame, the servo gearboxes, paper drive gearbox, 
the recorder castings, vacuum tubes, sockets, plugs, 
and other components in the servo amplifiers. 
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Use sledges, axes, handaxes, pickaxes, hammers, 
crowbars, or other heavy tools. 


b. Cut. Cut wiring; use axes, handaxes, or 
machetes. 
c. Burn. Burn all paper rolls, technical man- 


uals, records and forms, resistors, capacitors, and 
transformers; use gasoline, kerosene, oil, flame- 
throwers, or incendiary grenades. 

d. Bend. Bend all chassis, panels, and covers. 

e. Explosives. If explosives are necessary, use 
firearms, grenades, or TNT. 

f. Disposal. Bury or scatter the destroyed 
parts in slit trenches, foxholes, or other holes, or 
throw them into a stream. 

g. Destroy. Destroy everything. 


RESISTOR COLOR CODE MARKING 
(MIL-STD RESISTORS) 


AXIAL-LEAD RESISTORS RADIAL-LEAD RESISTORS 
(INSULATED) (UNINSULATED) 


(ENO) (BODY) 
TOLERANCE , 


TOLERANCE ‘ SECOND 
SIGNIFICANT 
MULTIPLIER FIGURE 


MULTIPLIER 
NO SIGNIFICANT FIGURE 
ber (D0T OR BAND) FIRST 
FIRST SIGNIFICANT FIGURE SIGNIFICANT 


FIGURE 


RC-COMPOSITION RZ-COMPOSITION 


(END) 
TOLERANCE 


SECOND 
SIGNIFICANT 
MULTIPLIER FIGURE 


— SECOND SIGNIFICANT ppl lage piney 
Bide : SIGNIFICANT 
FIRST SIGNIFICANT FIGURE FIGURE 
(DOUBLE WIDTH SIGNIFIES 
FIXED WIRE-WOUND 
RESISTORS) 
RU-WIRE- WOUND RZ-COMPOSITION 





RESISTOR COLOR CODE 


FIRST SECOND RESISTANCE 


SIGNIFICANT SIGNIFICANT TOLERANCE 
FIGURE (PERCENT) 


+20 
tio 


PURPLE PURPLE 
(VIOLET) (VIOLET) 





*% FOR WIRE-WOUND-TYPE RESISTORS, BAND A SHALL BE DOUBLE-WIDTH. 
WHEN BODY COLOR IS THE SAME AS THE DOT (OR BAND) OR ENO COLOR, 
THE COLORS ARE DIFFERENTIATED BY SHADE, GLOSS, OR OTHER MEANS, 


EXAMPLES (BAND MARKING); EXAMPLES (BODY MARKING): 
10 OHMS £20 PERCENT; BROWN BAND A; BLACK BAND B, 10 OHMS £20 PERCENT: BROWN BODY, SLACK END, BLACK DOT 
BLACK BAND CG; NO BAND D. OR BAND, BODY COLOR ON TOLERANCE END. 
4.7 OHMS +5 PERCENT: YELLOW BAND A; PURPLE BAND B; 3,000 CHMS +i0 PERCENT: ORANGE BODY, BLACK END; RED 0OT 
GOLD BAND GC; GOLD BAND OD. OR BAND, SILVER END, 


STO-RI 


Figure 56. Resistor color codes. 99 


CAPACITOR COLOR CODE MARKING 
(MIL-STD CAPACITORS) 


TYPE INDICATOR * MIL BUTTON-MICA———— FIRST SIGNIFICANT FIGURE 
IDENTIFIER (BLACK) 
IRS T: SIGNIFICANT FIGURE SECOND SIGNIFICANT FIGURE 
SECOND SIGNIFICANT FIGURE 
INDICATOR 
(READING DIRECTION) CHARACTERISTIC CAPACITANCE TOLERANCE 


rom BUTTON-MICA (CB) 


OECIMAL MULTIPLIER 


DECIMAL MULTIPLIER * * FIRST SIGNIFICANT FIGURE SECOND SIGNIFICANT FIGURE 
TOLERANCE DECIMAL MULTIPLIER 
CHARACTERISTIC CHARACTERISTIC CAPACITANCE TOLERANCE 


* BLACK DOT: MICA DIELECTRIC MIL IDENTIFIER 
pe y ODOT: PAPER DIELECTRIC (BLACK DOT) 
INDICATES NUMBER OF ZEROS ON PAPER TYPE. INNER~ELECTRODE 


MICA (CM) AND PAPER (CN) TERMINAL ic. | 


SECOND SIGNIFICANT FIGURE 
FIRST SIGNIFICANT FIGURE DECIMAL MULTIPLIER CHARACTERISTIC ohn nie SIGNIFICANT FIGURE 


TEMPERATURE CAPACITANCE TOLERANCE Ky SECOND SIGNIFICANT FIGURE 


COEFFICIENT ae 
INNER- ———ec=> f vA ae MULTIPLIER 


parca a ist ae a5. 2 ces TOLERANCE 
SECOND SIGNIFICANT FIGURE MIL IDENTIFIER 
FIRST SIGNIFICANT FIGURE DEGIMAL MULTIPLIER (BLACK SPOT) 


NOTES: 
TEMPERATURE CAPACITANCE TOLERANCE : ; 
COEFFICIENT |. SPOTS MAY BE USED ON TUBULAR CAPACITORS; 


CHARACTERISTIC SPOT !S LARGER AND MIL IDENTIFIER 
1S ON SIDE DIAMETRICALLY OPPOSITE COLOR SPOTS. 
_ MIL IDENTIFIER OF DISK TYPE 1S ON REVERSE SIDE; 
i 1 CHARACTERISTIC SPOT IS LARGER OR SPACE BETWEEN 
NOTE: CHARACTERISTIC AND TOLERANGE SPOTS !S THREE 
‘ TIMES SPACE BETWEEN ADJACENT SPOTS. 
SPOTS MAY BE USED INSTEAD OF BANDS, TEMPERATURE 3. TOLERANCE: YELLOW, +100%,—-20%. 
COEFFICIENT MARKING IS LARGER. ‘ 


INNER-ELECTRODE 
TERMINAL eas 


CERAMIC-TEMPERATURE COMPENSATING (CC) CERAMIC-GENERAL PURPOSE (CK) 





CAPACITOR COLOR CODE 


[ MucTiPLier | | CHARACTERISTIC | ae 2 

COLOR SS (UUF/UF/°C) 
Baie! OR LESS 

a fe ee eo Se ae 
poe, (etl ala lnbele tema ee 
aa 0 A A 
TE A OR CH 
ee ee 
PURPLE 
8 RS EE TN PRU es ETS 
Re ee oe ee ee 
is ee ee 
CAs Se CC aa 
oe Lee TE ee el ie 


1, LETTERS ARE IN TYPE DESIGNATIONS GIVEN IN MIL-C SPECIFICATIONS. 
2, IN PERCENT, EXCEPT IN UUF FOR CC-TYPE CAPACITORS OF 10 UUF OR LESS. STD-Cl 
3. INTENDED FOR USE IN CIRCUITS NOT REQUIRING COMPENSATION, 


100 Figure 57. Capacitor color codes. 
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NOTES: 
|, SHAFT OF HEIGHT MOTOR 8609 DRIVES F:OTORS OF HEIGHT CONTROL 
TRANSFORMERS 8604 AND 8605. RANGE MOTOR B6IO AND AZIMUTH 
MOTOR 8608 PERFORM SIMILAR FUNCTIONS FOR 8606, B607, 8602 AND 8603. 


2. LIMIT SWITCH S60! OR S602 1S CONTROLLED BY THE STYLUS AT EITHER 
END OF ITS TRAVEL. 


Figure 59. 


102 


MANUAL POSITION 


Azimuth-Elevation-Range Recorder RO-3/MPQ, schematic diagram. 
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Figure 60. Azimuth-Blevation-Range Recorder RD-54/TP, wiring diagram. 
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